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(54) FASTENER, DRIVING JIG FOR EXECUTION OF THE FASTENER, AND DRILL BIT FOR 
MACHINING UNDERCUT HOLE 



(57) In a fastener of a post-installation type which is 
embedded after a drilled hole is provided at concrete 
structure, a sleeve (2) and a plug (3) press-fitted to the 
sleeve are positioned by convexoconcave engagement 
between a projecting portion at an inner periphery of an 
expansion portion (6) and a recess groove (1 1 ) at a tip 
end of the plug (3) before installation, and therefore the 
separation therebetween is prevented. After installation, 
the projection portion at the inner periphery of the ex- 
pansion portion (6) expanded is again engaged with the 
recess groove (12) of the tip end of the plug (3). By this 
positioning effect, the fastener performs an effect for 
preventing a loosening between the sleeve and the plug 
against the vibrations. 



Fig.1 
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Description 

Technical Fie id 

[0001 ] The present invention relates to improvements 5 
in a fastener of a post-installation anchor type which is 
hammered into a hole drilled to a pre-buiit concrete 
structure, a hammering jig for installing the fastener, and 
a drill bit for working an undercut hole. More particularly, 
the present invention relates to a fastener structure 10 
which improves a working ability of the fastener so that 
a sleeve is not detached even when the fastener is in- 
stalled upwardly and which largely improves a tensile 
strength by performing a loosening preventing effect in 
a manner of engaging the sleeve and a plug with each 1$ 
other by convexoconcave engagement after the expan- 
sion in the installation operation is executed, a hammer- 
ing jig suitable for the installation, and a drill bit suitable 
for drilling an undercut hole which is enlarged into a ta- 
per shape in the vicinity of a hole bottom portion of a 20 
prepared hole for installing the post-instatlation anchor. 

Background Art 

[0002] The most popular conventional fastener of a 25 
post-installation type is constituted by a sleeve having 
an expansion portion and a plug (expanding member) 
having a taper portion for expanding the expansion por- 
tion by being inserted into the sleeve, and is basically 
arranged to fix the sleeve as an anchor to a concrete 30 
structure by hammering the plug or sleeve upon install- 
ing the fastener into a prepared hole and by expanding 
the expansion portion by a relative displacement there- 
between. 

[0003] in a structure of such a conventional fastener, 35 
since the sleeve and the plug are merely press-fitted un- 
der a non-expanded condition of the expansion portion, 
they tend to be separated. Specifically, when it is in- 
stalled upwardly, there is a possibility that the operation 
ability during the installation is degraded by the detach- 40 
ing of the sleeve. Further, since there is no means for 
restricting a relative position between the expansion 
portion and the plug even under a condition that the ex- 
pansion portion is expanded, slipping out of the plug 
from the sleeve or detaching of the sleeve from the pre- 45 
pared hole tends to be generated by the generation of 
the loosening between the sleeve and the plug in the 
case that it receives earthquake or mechanical vibration 
energy. This degrades the anchor effect and is not suit- 
able. 50 
[0004] On the other hand, as a method for working an 
undercut hole acting as a prepared hole prior to the in- 
stallation of the post-installation anchor of an undercut 
type, there are a one-step method and a two-step meth- 
od. 55 
[0005] The former one-step method is, as shown in 
Fig. 65, a method for working an undercut hole 224 by 
first working a straight prepared hole 222 using a dedi- 



cated drill bit 220 installing a stopper 221, and by en- 
larging a hole bottom portion of the straight prepared 
hole 222 into a taper shape in a manner of executing a 
planetary operation for swinging and rotating the drill bit 
220 at the stepper 221 as a fulcrum by several rotations 
after a depth of the prepared hole 222 reaches a prede- 
termined depth and the stopper 221 is contacted with a 
concrete surface 223. 

[0006] The latter two-step method is, as shown in Fig . 
66, a method for enlarging a portion near a hole bottom 
of a straight prepared hole 225 into a taper shape by 
first working the straight prepared hole 225 by means of 
a known working method, by seating a special drill bit 
226 for diameter-enlarging operation, and by enlarging 
a tip end of a cutter 227 of the drill bit 226 utilizing a 
reaction force from the hole bottom against the drill 
pressing while putting the drill bit 226 at the hole bottom. 
[0007] However, although the former method can drill 
-an undercut hole by one step, it requires a special op- 
eration of executing a planetary operation of the drill bit 
220 integrally with an electric drill main body. Therefore, 
this requires a skill in this drilling operation. If a builder 
is not skilled in this operation, there will be obliged to 
degrade an accuracy of a hole working and to generate 
a breakage of the drill bit. Particularly, there is a draw- 
back that a dispersion as to hole working accuracy is 
large due to individual differences. 
[0008] Further, the latter method requires two steps 
as called, and requires to change the drill bit 226 or to 
change the handling of an electric drill. Therefore, there 
is a drawback that the steps for working the hole and 
the operation time are dully elongated. 

Disclosure of Invention 

[0009] The present invention is invented by observing 
the above-mentioned problems. It is an object of the 
present invention to provide a fastener which is ar- 
ranged to prevent a detaching between a sleeve and a 
plug under a non-expanded condition of an expansion 
portion and to prevent a loosening between the sleeve 
and the plug by executing a relative positioning between 
the expansion portion and the plug after the expansion, 
and a hammering jig structure suitable for the installa- 
tion of the fastener, and simultaneously to provide an 
undercut working drill bit which is capable of working an 
undercut hole in high accuracy as a prepared hole with 
a feeling substantially the same as that in a straight hole 
working without requiring a special operation in the in- 
stallation of a post-installation anchor (fastener) of an 
undercut type. 

[001 0] An invention as claimed in claim 1 is a fastener 
of a post-installation anchor type comprising a sleeve 
having an expansion portion and a plug having a taper 
portion for expanding the expansion portion by being in- 
stalled in the sleeve, and is characterized in that the 
sleeve and the plug are engaged with each other by the 
convexoconcave engagement so as to prevent a mutual 



45 
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detachment between the sleeve and the plug under the 
non-expanded condition of the expansion portion, and 
that an inner peripheral surface of the expansion portion 
and an outer peripheral surface of the plug are again 
engaged by the convexoconcave engagement when the 
expansion portion is expanded by a predetermined 
quantity by hammering the sleeve or the plug. 
[0011] Accordingly, with the invention as claimed in 
claim 1 , since the sleeve and the plug are engaged with 
each other by the convexoconcave engagement under 
a non-expanded condition of the expansion portion, 
both are not separated. Particularly, when it is installed 
upwardly, the detaching of the sleeve is prevented, and 
therefore the operation ability thereof is largely im- 
proved. Further, by expanding the expansion portion 
through the hammering of the sleeve or plug upon in- 
serting the fastener in a predetermined prepared hole, 
the inner peripheral surface of the expansion portion 
and the outer peripheral surface of the plug are again 
engaged by the convexoconcave engagement and sub- 
stantially the relative position therebetween is executed 
to prevent the detaching of the sleeve. Therefore, even 
if it receives earthquake or mechanical vibration energy 
after the installation, no loosening causes between the 
sleeve and the plug, and the anchor effect is stably 
maintained for a long term. 

[0012] The invention as claimed in claim 2 is based 
on the invention as claimed in claim 1 , and is character- 
ized in that the fastener is of an inner cone hammering 
type in which the plug having a length shorter than that 
of the sleeve is previously inserted within a range of the 
length of the sleeve, a flange portion press-fitted into a 
prepared hole of an opposite member is formed at an 
outer periphery of an end portion opposite to the expan- 
sion portion in the sleeve, and the plug is hammered by 
utilizing a friction force between the flange portion and 
an inner peripheral surface of the prepared hole. 
[001 3] Accordingly, with the invention claimed in claim 
2, for example, it is adapted to a case that a thickness 
of a concrete structure to which an prepared hole is 
formed is not sufficient, and it is difficult to receive the 
hammering force at a hole bottom surface by seating 
the sleeve or the plug at the hole bottom surface of the 
prepared hole. That is, with the invention claimed by 
claim 2, first the sleeve is hammered to the prepared 
hole, and at this time the flange portion is also ham- 
mered to the prepared hole while deforming the flange 
portion of the sleeve end portion. With this arrangement, 
a sufficient friction resistance force is generated be- 
tween an inner peripheral surface of the prepared hole 
and the sleeve. Under this condition, when the plug in 
the sleeve is hammered by using the hammering jig, the 
relative movement between the prepared hole and the 
sleeve is prevented by the friction resistance force. As 
a result, the expansion portion is expanded by hammer- 
ing the plug with respect to the sleeve, and functions as 
same as those of the invention claimed in claim 1 are 
performed. 



[001 4] Particularly, when the circumferential groove is 
formed from an end surface in the flange portion in the 
invention as claimed in claim 3, an easy deformability of 
the flange portion at an end portion of the sleeve is fur- 

s ther promoted by the existence of this circumferential 
groove. With this arrangement, for example, even when 
an opening periphery of the prepared hole is not a com- 
plete round, the flange portion is deformed following a 
shape of the hole and is firmly fitted with an inner pe- 

10 riphery of the prepared hole. Therefore, the friction re- 
sistance force between the prepared hole and the 
sleeve, which force is necessary for the plug hammer- 
ing, is equivalent^ distributed without offset, and simul- 
taneously this prevents invasion of rain water into the 

15 prepared hole. 

[001 5] The invention as claimed in claim 4 is a fasten- 
er of a post-installation anchor type comprising a sleeve 
having an expansion portion and an anchor main body 
portion having a taper portion for expanding the expan- 

20 sion portion by being installed in the sleeve, and is char- 
acterized in that the anchor main body portion is formed 
into a stepped-shaft shape member by the plug having 
a taper portion and a large diameter portion greater in 
diameter than that of the plug, the plug having an outer 

25 diameter generally the same as that of the sleeve has 
a predetermined relative movement stroke to a step por- 
tion of the'anchor main body portion and an inner pe- 
riphery of the expansion portion and an outer peripheral 
portion of the plug are previously engaged by the con- 

30 vexoconcave engagement so as to prevent the detach- 
ment therebetween under a non-expanded condition of 
the expansion portion, and by hammering the anchor 
main body portion by the relative movement stroke un- 
der the condition that the sleeve is seated to the pre- 
ss pared hole, the large diameter portion of the anchor 
main body portion is press-fitted to the prepared hole, 
the expansion portion of the sleeve is expanded, and 
the inner periphery of the expansion portion is engaged 
with the outer periphery by the convexoconcave en- 

40 gagement under the expansion condition of the expan - 
sion portion. 

[0016] Accordingly, with the invention as claimed in 
claim 4, the expansion portion of the sleeve is expanded 
by hammering the anchor main body portion until the 

45 sleeve is contacted with the stepped portion of the an- 
chor main body portion after inserting the fastener to the 
prepared hole. In this case, when the sleeve and the 
stepped portion are in contact with each other, it be- 
comes impossible to hammer the anchor main body por- 

50 tion further. Therefore, it is possible to recognize that 
the expansion portion is sufficiently expanded from the 
feeling of this contact. Simultaneously, when the anchor 
main body portion is hammered, the large diameter por- 
tion of the anchor main body portion is positively press- 

55 fitted to the prepared hole. Therefore, by setting the 
length of the large diameter portion at a long length in 
some degree and by setting so that a necessary 
strength is obtained by press fitting the large diameter 
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portion by a minimum necessary quantity, it is not nec- 
essary to strictly control the depth of the prepared hole. 
That is, even if the projecting length of the large diameter 
portion projecting from the prepared hole is dispersed 
after the completion of the installation, no problem caus- 
es in the strength as an anchor. Further, since the rela- 
tive movement between the sleeve and the anchor main 
body portion is prevented by the contact between the 
sleeve and the stepped portion of the anchor main body 
portion, the anchor main body portion is not excessively 
hammered, and this arrangement performs the effect 
that a dispersion of the installation condition among in- 
dividuals of builders is suppressed. 
[001 7] The invention as claimed in claim 5 is a fasten- 
er of a post-installation anchor type comprising a sleeve 
having an expansion portion and an anchor main body 
portion having a taper portion for expanding the expan- 
sion portion by being installed in the sleeve, and is char- 
acterized in that the anchormain body portion is formed 
into a stepped-shaft shape member by the plug having 
a taper portion and a large diameter portion greater in 
diameter than that of the plug, the plug having an outer 
diameter generally the same as that of the sleeve has 
a predetermined relative movement stroke to a step por- 
tion of the anchor main body portion and an inner pe- 
riphery of the expansion portion and an outer peripheral 
portion of the plug are previously engaged by the con - 
vexoconcave engagement so as to prevent the detach- 
ment therebetween under a non-expanded condition of 
the expansion portion, the inner peripheral surface of 
the expansion portion and the outer peripheral surface 
of the plug are engaged by the con vexoconcave en- 
gagement and the engagement generates a connection 
feeling when the previous convexoconcave engage- 
ment is disengaged according to the hammering of the 
anchor main body -portion by the relative movement 
stroke and the expansion portion is expanded by a pre- 
determined quantity after the sleeve is inserted to the 
prepared hole. 

[0018] That is, the invention claimed in claim 5 is dif- 
ferent from the invention claimed in claim 4 at the point 
that the large diameter portion of the anchor main body 
portion is not positively press fitted to the prepared hole, 
and during the hammering of the anchor main body por- 
tion to the sleeve, an installation feeling due to the con- 
vexoconcave engagement between the expansion por- 
tion and the plug is obtained by the contact between the 
sleeve and the stepped portion of the anchor main body 
portion resulting from that both reach the stroke ends 
thereof. 

[001 9] Accordingly, with the invention claimed in claim 
5, it becomes possible to easily and actually feel the suf- 
ficient expansion of the expansion portion by the prede- 
termined hammering of the anchor main body portion 
through a completed feeling due to the convexoconcave 
engagement. It is possible to improve the stability of the 
installation condition by canceling the dispersion of the 
installed condition due to the individual difference of 



builders. 

[0020] The invention as claimed in claim 6 is based 
on one of claims 2 to 5 and is characterized in that the 
prepared hole is of an undercut type in which a portion 

5 near a hole bottom portion of the prepared hole is en- 
larged in diameter into a taper shape. 
[0021] Accordingly, with the invention as claimed in 
claim 6, since the expansion portion of the sleeve is fur- 
ther largely expanded into a skirt shape so as to follow 

10 the shape of the prepared hole of the undercut type, the 
strength of the anchor is further improved by a strong 
anchor effect due to the undercut shape and the multi- 
plier effect due to the convexoconcave engagement be- 
tween the expansion portion and the plug at the expan- 
ds sion completed time. Particularly, even if cracks are gen- 
erated in the concrete structure, the sleeve is not de- 
tached and performs the extremely strong anchor effect. 
[0022] Particularly, if a female screw portion or male 
screw portion is formed at the large diameter portion like 

20 as the invention claimed in claim 7, a predetermined 
structure is fixed by using the female screw portion or 
the male screw portion as a tightening portion. 
[0023] The invention as claimed in claim 8 is charac- 
terized in that a deformed reinforcing bar for reinforced 

25 concrete is integrally formed with the large diameter por- 
tion of the anchor main body portion of the invention 
claimed in one of claims 5 and 6 in the form of extending 
therefrom, and a male screw portion is formed at an in- 
termediate portion between the large diameter portion 

30 and the deformed reinforcing bar, and a lock nut is pre- 
viously tightened to the male screw portion. 
[0024] Accordingly, with the invention as claimed in 
claim 8, by tightening the lock nut in addition to the an- 
chor effect by the expansion of the expansion portion of 

35 the sleeve, the expansion portion and the lock nut sub- 
stantially press-tighten the-concrete structure. . There- 
fore, in case that a deformed reinforcing bar is employed 
as an insertion bar for earthquake-proof reinforcement, 
the fastener performs an extremely strong strength 

40 (proof stress) against load input in both of the tensile 
direction and the compressing direction. 
[0025] The invention as claimed in claim 9 is a resin 
fastener comprising a sleeve having an expansion por- 
tion and a plug having a taper portion for expanding the 

45 expansion portion by being installed in the sleeve, and 
is characterized in that the sleeve and the plug are en- 
gaged with each other by convexoconcave engagement 
so as to prevent a mutual detachment between the 
sleeve and the plug under the non-expanded condition 

50 of the expansion portion, and the inner peripheral sur- 
face of the expansion portion and the outer peripheral 
surface of the plug are engaged by the convexoconcave 
engagement and the engagement generates a connec- 
tion feeling when the previous convexoconcave en- 

55 gagement is disengaged according to the hammering of 
the plug by the relative movement stroke and the expan- 
sion portion is expanded by a predetermined quantity 
after the sleeve is inserted to the prepared hole. 
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[0026] Accordingly, with the invention as claimed in 
claim 9, in case that it is employed for fixing a circuit 
card of electric product and various electronic devices 
or for installing interior members of an automotive vehi- 
cle, a relative positioning between the sleeve and the 
plug is executed by the convexoconcave engagement 
between the inner peripheral surface of the expansion 
portion and the outer peripheral surface simultaneously 
with expanding the expansion portion of the sleeve. 
Therefore, even if the fastener receives vibrations after 
the installation thereof, it is difficult to generate loosen- 
ing between the expansion portion and the plug, and it 
is possible to keep the anchor effect for long term. On 
the other hand, since it is superior in a self reversion 
property as a property of the resin fastener, in case of 
disengaging the anchor engagement for repairing or re- 
cycle, the plug is hammered in the inverse direction to 
the expansion period to cancel the expansion of the 
sleeve, and the fastener is easily removed. 
[0027] The invention as claimed in claim 1 0 is a jig for 
hammering a sleeve or a plug in an installation of a fas- 
tener of a post installation type which is constituted by 
the sleeve having an expansion portion and the plug 
having a taper portion for expanding the expansion por- 
tion by being installed in the sleeve, and is characterized 
in that the hammering jig comprises a rod constituted by 
integrally forming a punch portion inserted into a hole of 
an opposite and a shank portion in a longitudinal direc- 
tion, and an adjustable adapter installed so as to be sl- 
idable to the rod in an axial direction by a predetermined 
quantity, a deformed flange portion is integrally formed 
at a longitudinally center portion of the fastener instal- 
lation, two engagement grooves, which are engageable 
with the deformed flange portion and have different in 
depth with each other, are formed inside of the adjust 
adapter with 90° offset in phase, and a projecting length 
of the punch portion from the adjuster adapter is selecta- 
ble from two stages by selectively switching an engaged 
groove to be engaged with the deformed flange portion. 
[0028] Accordingly, with the invention as claimed in 
claim 1 0, for example, in case that it is employed in ham- 
mering a plug of a fastener of an inner cone hammering 
type, by alternatively selecting a projection length of a 
punch portion directly relating to the hammering of the 
sleeve or plug though it is a dedicated jig, it is commonly 
used in the hammering of the sleeve and the plug which 
are different in the necessary projection length of the 
punch portion. Further, in some cases, it is possible to 
commonly use the jig in the hammering of sleeves or 
plugs of at least two kinds of fasteners having different 
hammering length, that is, two kinds of fasteners of dif- 
ferent sizes. As a result, it becomes possible to de- 
crease the tool control manhour and to improve the flex- 
ibility of the jig. 

[0029] The invention as claimed in claim 11 is a drill 
bit which is installed at a rotating portion of a drilling ma- 
chine and finishes an undercut type hole by enlarging a 
portion near a hole bottom portion into a taper shape 



when a straight hole is drilled to a structure of a drill ob- 
ject by a rotating motion of the drill bit and when a depth 
of the drilled hole reaches a predetermined depth, and 
is characterized to comprise a cutter body providing at 

5 least a cutter blade for straight hole working at its tip 
end, a cutter blade for undercut working that is installed 
at a tip end portion of the cutter body so as to be swing- 
able and projectable in the diametrical direction and that 
enlarges a portion near a hole bottom portion of a 

10 straight hole into a taper shape by projecting into the 
diametrical direction through swinging motion, a stopper 
sleeve that is installed to the cutter body so as to be 
relatively rotatable and relatively movable in the axial 
direction and that is contacted with a structure when a 

15 drilled depth of a straight hole to the structure becomes 
a predetermined depth, a shank body supporting the 
cutter body so as not to be relatively rotatable, a cutter 
blade control means for projecting the cutter blade for 
-undercut working into an enlarged direction of the cutter 

20 body according to a relative displacement in the axial 
direction between the cutter body and the stopper 
sleeve when the stopper sleeve is further pressed after 
the stopper sleeve is contacted with the structure. 
[0030] Accordingly, with the invention as claimed in 

25 claim 11, until a depth of the hole during the drilling 
reaches a predetermined depth and the stopper sleeve 
is contacted with a surface of a structure of a drilled ob- 
ject, the cutter blade control means does not operate, 
and the cutter blades for undercut working are received 

30 jn the cutter body. Until this time, the prepared hole of a 
straight hole shape is drilled by at least a cutter blade 
for straight hole working. 

[0031] On the other hand, when the cutter body is 
pressed after the depth of the straight hole in drilling 

35 reaches the predetermined depth and the stopper 
sleeve is contacted with the structure as the drilled ob- 
ject, a relative movement between the cutter body and 
the stopper sleeve is first started and the cutter blade 
control means operates. With, this operation, the cutter 

40 blades for undercut working gradually project in the di- 
ametrical direction together with the rotational motion of 
the drill bit, and therefore, a portion near a hole bottom 
portion of the prepared hole of the straight hole shape 
previously worked is enlarged in diameter into a skirt 

is shape and is finished into a undercut hole shape. 

[0032] That is, with the invention as claimed in claim 
11 , it is possible to work a necessary undercut hole with 
a feeling completely the same as that in a normal 
straight hole drilling operation and by one step without 

50 executing complex operations of the drill bit. 

[0033] The invention as claimed in claim 12 is char- 
acterized in that the cutter blade control means is con- 
stituted by a sector gear formed at an end portion posi- 
tion of the cutter blade for undercut working which por- 

55 tion is always positioned in the cutter body, a control rod 
slidably installed in the cutter body, a rack portion en- 
gaged with the sector gear being formed at a tip end 
portion of the control rod, a cam member that is received 
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in the shank body and directly transmits a drilling press 
force applied to the shank body to the cutter body when 
drilling the straight hole, the cam member pressingly 
controlling the control rod excessive to the cutter body 
by a predetermined quantity by transmitting the drilling 
press force to the cutter body, by absorbing the relative 
displacement between the cutter body and the stopper 
sleeve, and by being swingably displaced after the stop- 
per sleeve is contacted with the structure. 
[0034] That is, with the invention as claimed in claim 
12, the control rod installed in the cutter body and the 
cutter blades for undercut working are engaged with 
each other by the rack and pinion relationship, the con- 
trol rod is slidably displaced according to the relative dis- 
placement between the stopper sleeve and the cutter 
body through the cam member, and the cutter blades 
for undercut is swingingly displaced. 
[0035] Accordingly, with the invention as claimed in 
claim 12, as mentioned above, when the cutter body is 
pressed after the depth of the straight hole in drilling 
reaches the predetermined depth and the stopper 
sleeve is contacted with the structure as the drilled ob- 
ject, a relative movement between the cutter body and 
the stopper sleeve is first started and the cutter blade 
control means operates, and the control rod is pushed 
out with respect to the cutter body through the cam 
member. Since the rack at the tip end of the control rod 
and the sector gear of the cutter blades for undercut 
working are engaged with each other, the cutter blades 
for undercut working swing according to the displace- 
ment of the control rod and project into the diametrically 
enlarged direction of the cutter blade. With this opera- 
tion, together with the rotational motion of the drill bit, a 
portion near a hole bottom portion of the prepared hole 
of the straight hole shape previously worked is enlarged 
in diameter into a skirt shape and is finished into an un- 
dercut hole shape. 

[0036] In this case, the portion near the hole bottom 
portion is enlarged but the hole depth of the straight hole 
is not kept at the predetermined depth. The drilling is 
executed so as to increase the hole depth of the straight 
hole reached the predetermined depth, and to increase 
the diameter into the undercut shape. That is, since the 
undercut working is executed while drilling the straight 
hole reached the predetermined depth, the drilling op- 
eration of the straight hole and the undercut working fol- 
lowing thereto are accurately executed in complete syn- 
ch ronicity. 

[0037] The invention as claimed in claim 13 is char- 
acterized in that in the invention as claimed in claim 12 
a dust collecting port for collecting chips is openingly 
formed at the tip end portion of the cutter body and is 
communicated with a dust collecting passage separate- 
ly formed between the cutter body and the control rod, 
and further that the dust collecting passage together 
with the stopper sleeve is connected to a dust collecting 
machine through a dust collecting adapter installed to 
the cutter body so as to be relatively rotatable. 



[0038] It is preferable in view of the dusts collecting 
efficiency that an opening position of the dust collecting 
port is provided at a tip end surface or a tip end portion 
outer periphery of the cutter body. 

5 [0039] Accordingly, with the invention as claimed in 
claim 13, chips generated by drilling are rapidly sucked 
and discharged from the dust collecting port through a 
dust collecting passage and a dust collecting adapter in 
the cutter body to the dust collecting machine. In this 

10 case, since the dust collecting adapter attached to the 
cutter body is relatively rotatable with the cutter body 
and the rotational motion of the cutter body is smoothly 
allowed by this arrangement, the attachment of the dust 
collecting adapter never prevents the drilling operation. 

15 [0040] The invention as claimed in claim 14 is char- 
acterized in that in the invention as claimed in claim 11 , 
the cutter blade control means is constituted by a sector 
gearformed at an end portion position of the cutter blade 
- for undercut working which portion is always positioned 

20 in the cutter body, a control rod slidably installed in the 
cutter body, a rack portion engaged with the sector gear 
being formed at a tip end portion of the control rod, a 
cam member that is received in the shank body and di- 
rectly transmits a drilling press force applied to the 

25 shank body to the cutter body when drilling the straight 
hole, the cam member allowing the shank body to di- 
rectly pressingly controlling the control rod by a prede- 
termined quantity by transmitting the drilling press force 
to the cutter body, by absorbing the relative displace- 

30 ment between the cutter body and the stopper sleeve, 
and by being swingably displaced after the stopper 
sleeve is contacted with the structure. 
[0041] Accordingly, with the invention as claimed in 
claim 14, the relative movement between the cutter 

35 body and stopper sleeve is started when the depth of 
the straight hole becomes the predetermined depth. At 
this time, the cutter body during rotation is stayed at the 
present position. Then, the shank body and the cutter 
body is relatively rotated, and the shank body pushes 

40 the control rod with respect to the cutter body. Therefore, 
the control rod slidingly displaces, the cutter blades for 
the undercut working are enlarged in diameter, and a 
portion near the hole bottom portion of the previously 
formed straight hole is worked into an undercut shape. 

45 That is, the invention as claimed in claim 14 is different 
from the invention as claimed in claim 12 in view that 
the portion near the hole bottom portion of the previously 
formed straight hole is worked into an undercut shape 
while the depth of the straight hole is kept after it reaches 

so the predetermined depth. 

[0042] This method is particularly advantageous in 
the case that automatic dust collecting of chips is not 
executed. On condition that drilling with the generation 
of chips by the cutter blade for straight hole is not exe- 

55 cuted when the depth reaches the predetermined depth, 
only the working of the undercut is execute by enlarging 
the cuter blades for undercut working. The reason is that 
if both of the drilling work by the cutter blade for straight 
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hole working and the drilling work by the cutter blades 
for undercut working are executed simultaneously, 
chips chipped by the cutter blade for straight hole work- 
ing are jammed at the clearance of the cutter blades for 
undercut working put in the enlarged condition for work- 5 
ing the undercut, and therefore it becomes impossible 
to return the cutter blades for undercut working into the 
housing condition and draw up from the undercut hole. 
[0043] The invention as claimed in claim 15 is char- 
acterized in that in the invention as claimed in claim 14 10 
the cutter body is provided at its cylindrical outer periph- 
eral surface with a spiral groove portion. 
[0044] Accordingly, with the invention as claimed in 
claim 1 5, even in the case that automatic dust collecting 
for ships like as the invention as claimed in claim 12, at 
least during the working of the straight hole by the cutter 
blade for straight hole working, chips chipped by the cut- 
ter blade for straight hole working are discharged 
through the spiral groove- portion formed at thecutter 
body to the opening portion of the straight hole accord- 
ing to the rotation of the cutter body. With this arrange- 
ment, there is a merit of a cost down the drill bit as com- 
pared with the case of adopting a forcible dust collecting 
of chips by the dust collecting machine. 

Brief Description of Drawings 

[0045] Fig. 1 is a view showing a preferred first em- 
bodiment of a fastener according to the present inven- 
tion and an exploded view showing a sleeve and a plug 
which are shown by a half cross section view. 
[0046] Fig. 2 is a cross-sectional explanatory view 
showing a connected condition between the sleeve and 
the plug shown in Fig. 1. 
[0047] Fig. 3 is a bottom view of Fig. 2. 
[0048] Fig. 4 is an essential enlarged view of an upper 
end portion of Fig. 2. 

[0049] Fig. 5 is an essential enlarged view of a lower 
end portion of Fig. 2.. 

[0050] Fig. 6 is an explanatory view for a hammering 
procedure of the fastener shown in Fig. 2. 
[0051] Fig. 7 is an explanatory view for a hammering 
procedure of the fastener shown in Fig. 2. 
[0052] Fig. 8 is a cross-sectional explanatory view of 
a hammering jig employed in the hammering procedure 
of the fastener shown in Fig. 2. 
[0053] Fig. 9 is a plan explanatory view of Fig. 8. 
[0054] Fig. 10 is a cross-sectional explanatory view 
along the line a-a of Fig. 8. 

[0055] Fig. 11 is an operation explanatory view of the 
jig shown in Fig. 8. 

[0056] Fig. 12 is a cross-sectional explanatory view 
along the line b-b of Fig. 11 . 

[0057] Fig. 13 is an operation explanatory view show- 
ing actual operation usage of the jig shown in Figs. 8 to 
12. 

[0058] Fig. 14 is an operation explanatory view show- 
ing actual operation usage of the jig shown in Figs. 8 to 



12. 

[0059] Fig. 15 is a view showing a preferred second 
embodiment of the fastener according to the present in- 
vention and an exploded view showing a sleeve and an 
anchor main body portion which are shown by a semi- 
cross section view. 

[0060] Fig. 16 is a cross-sectional explanatory view 
showing a connected condition between the sleeve and 
the anchor main body portion shown in Fig. 15. 
[0061] Fig. 17 is an explanatory view of a jig employed 
in the hammering of the fastener shown in Fig. 16. 
[0062] Fig. 18 is a cross-sectional explanatory view 
showing a hammered condition of the fastener shown 
in Fig. 16. 

[0063] Fig. 19 is a half cross-sectional explanatory 
view showing a modification of the fastener shown in 
Figs. 15 and 16. 

[0064] Fig. 20 is a view showing a preferred third em- 
bodiment of the fastener according to the present inven- 
tion and a cross-sectional explanatory view showing a 
condition in the way of hammering. 
[0065] Fig. 21 is a cross-sectional explanatory view 
showing a completed condition of the hammering of the 
fastener shown in Fig. 20. 

[0066] Fig. 22 is an explanatory view showing a pre- 
ferred fourth embodiment of the fastener according to 
the present invention. 

[0067] Fig. 23 is a plan explanatory view of Fig. 22. 
[0068] Fig. 24 is a bottom view of Fig. 22. 
[0069] Fig. 25 is an enlarged cross-sectional view of 
an essential part of Fig. 22. 

[0070] Fig. 26 is a half cross-sectional explanatory 
view showing a hammering condition of the fastener 
show in Fig. 22. 

[0071] Fig. 27 is a half cross-sectional explanatory 
view showing a hammering condition of the fastener 
show in Fig. 22. 

[0072] Fig. 28 is a structure explanatory view showing 
a modification . of the fastener shown in Fig. 22. 
[0073] Fig. 29 is an explanatory view showing a fur- 
ther another modification of the fastener shown in Fig. 
22. 

[0074] Fig. 30 is a plan explanatory view of Fig. 29. 
[0075] Fig. 31 is a bottom view of Fig. 29. 
[0076] Fig. 32 is a cross-sectional explanatory view of 
the fastener shown in Fig. 29. 

[0077] Fig. 33 is a half cross-sectional explanatory 
view showing the hammering condition of the fastener 
show in Fig. 29. 

[0078] Fig. 34 is an explanatory view showing a pre- 
ferred fifth embodiment of the fastener according to the 
present invention. 

[0079] Fig. 35 is a cross-sectional explanatory view of 
the hammering condition of the fastener shown in Fig. 
34. 

[0080] Fig. 36 is a cross-sectional explanatory view at 
the hammering completed time of the fastener shown in 
Fig. 34. 
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[0081] Fig. 37 is a front view showing a preferred first 

embodiment of a drill bit for working an undercut hole 

according to the present invention. 

[0082] Fig. 38 is a right side view of Fig. 37. 

[0083] Fig. 39 is a whole cross-sectional view of Fig. 

37. 

[0084] Fig. 40 is a whole cross-sectional view of Fig. 
38. 

[0085] Fig. 41 is an explanatory view showing a rela- 
tionship between a stopper sleeve and a collar shown 
in Fig. 39. 

[0086] Fig. 42 is an enlarged view of an essential part 
of a cutter body tip end shown in Fig. 39. 
[0087] Fig. 43 is a bottom view of Fig. 38. 
[0088] Fig. 44 is an explanatory view showing a de- 
tached condition of a cutter blades for undercut working 
from the cutter body of Fig. 42. 

[0089] Fig. 45 is an explanatory view of a cutter blade 

for undercut working alone. — 

[0090] Fig. 46 is a left side view of Fig. 45. 

[0091] Fig. 47 is a plan view of Fig. 46. 

[0092] Fig. 48 is an exploded view of the shank body 

shown in Fig. 39. 

[0093] Fig. 49 is a plan view of the coupling sleeve 
shown in Fig. 48. 

[0094] Fig. 50 is a cross-sectional explanatory view at 
a cross-section corresponding to the line A-A of Fig. 48. 
[0095] Fig. 51 is a plan view of the cam follower plate 
shown in Fig. 48. 

[0096] Fig. 52 is a right side view of Fig. 51 . 
[0097] Fig. 53 is an operation explanatory view during 
the drilling by the drill bit shown in Figs. 39 and 40. 
[0098] Fig. 54 is an enlarged view of an essential part 
of Fig. 52. 

[0099] Fig. 55 is a bottom view of Fig. 54. 

[0100] Fig. 56 is an enlarged cross-sectional view of 

an essential part showing a modification of the drill bit 

for undercut working shown in Fig. 42. 

[0101] Fig. 57 is a view as viewed from the line E-E 

of the control rod shown in Fig. 56. 

[0102] Fig. 58 is a bottom view of Fig. 56. 

[01 03] Fig. 59 is an explanatory view of a cutter blade 

shown in Fig. 56. 

[01 04] Fig. 60 is a front view showing a preferred sec- 
ond embodiment of the drill bit for working undercut hole 
according to the present invention. 
[0105] Fig. 61 is a whole cross-sectional view of Fig. 
60. 

[0106] Fig. 62 is an operation explanatory view during 
the drilling by the drill bit shown in Figs. 60 and 61 . 
[0107] Fig. 63 is an enlarged view of an essential part 
of Fig. 62. 

[0108] Fig. 64 is a bottom view of Fig. 63. 
[0109] Fig. 65 is an explanatory view showing a work- 
ing pattern of a conventional undercut hole. 
[0110] Fig. 66 is an explanatory view showing a work- 
ing pattern of another conventional undercut hole. 



Best Mode for Carrying Out the Invention 

[0111] Figs. 1 to 7 are views showing a preferred em- 
bodiment (first embodiment) of a fastener according to 

5 the present invention described in claims 1 to 3 and 6, 
and show an example called as a metal post-installation 
anchor of an inner cone hammering type. In Figs. 2 to 
5, a left half portion shows a non-expanded condition of 
an expansion portion, and a right half portion shows an 

10 expanded condition. 

[0112] As shown in Fig. 1 to 3, a fastener 1 is consti- 
tuted by a hollow cylindrical shaped sleeve 2 and a 
stepped shaft shaped plug 3 press-fitted into the sleeve 

2 as an expanding element. 

15 [0113] A female screw portion 4 is formed on an inner 
periphery of an upper end portion of the sleeve 2, rang- 
ing in about half of the longitudinal dimension of the 
sleeve 2. Further, a lower end portion of the sleeve 2 is 
divided into a collet-shape having four radially slotted 

20 grooves 5 and is formed into an expansion portion 6 ex- 
pandable in a radial direction. As enlargedly shown in 
Fig. 4, a projecting portion 7 is provided at an inner pe- 
ripheral surface of the expansion portion 6 so as to par- 
tially decrease a inner diameter thereof. 

25 [0114] As enlargedly shown in Fig. 5, a flange portion 
8 is provided at an outer periphery of an upper end por- 
tion at the female screw portion 4 of the sleeve 2 with a 
small protrusion. Further, a plurality of ribs 9 are project- 
edly provided so as to extend from the flange portion 8 

30 to a general outer peripheral surface of the sleeve 2. 
Since the flange portion 8 and the ribs 9 are positively 
press-fitted to an opening edge portion of the prepared 
hole as mentioned later, a circumferential groove 1 0 is 
provided at an inner periphery of the flange portion 8 

35 from the upper end surface thereof as a small annular 
. groove so that the flange portion 8 has a property of eas- 
ily deforming in the diametrical direction. 
[01 1 5] On the other hand, the longitudinal dimension 
of the plug 3 . is set at about half of the longitudinal di- 

40 mension of the sleeve 2, and a recess groove 1 1 includ- 
ing a taper surface I la and a recess groove 1 2 acting as 
a neck portion and slightly greater than the recess 
groove 11 are provided at a tip end portion of the plug 
3. The recess groove 1 1 is shaped into a form fitted with 

45 the projecting portion 7 formed on the inner periphery of 
the expansion portion 6 put in the non-expanded condi- 
tion, and the other groove 1 2 is shaped into a form fitted 
with a shape of the projecting portion 7 on the inner pe- 
riphery of the expansion portion 6 put in the expanded 

50 condition. Further, the maximum diameter of a tip end 
projection 1 3 of the plug 3 is formed so as to be slightly 
larger than the minimum inner diameter at a top portion 
of the projection portion 7 on the inner periphery of the 
expansion portion 6 put in the non-expanded condition. 

55 [01 1 6] Accordingly, by press-fitting the plug 3 into the 
sleeve 2 in order to assemble the sleeve 2 and the plug 

3 by means of the interference fit connection, in addition 
that the general inner peripheral surface of the sleeve 2 
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and the general outer peripheral surface of the plug 3 
are put in the interference fit condition, the recess 
groove 11 of the tip end of the plug 3 and the projecting 
portion 7 of the expansion portion 6 are engaged with 
each other by means of irregularity engagement so as 
to perform a detach preventing effect due to the relative 
positioning. Therefore, even if the fastener 1 in the pre- 
installation condition is put alone, the sleeve 2 and the 
plug 3 are not separated from each other. 
[01 17] Next, the installation procedure of the fastener 
1 will be explained as to a case that a prepared hole of 
an undercut type is also formed, with reference to Figs. 
6 and 7. In this example, it is assumed that a thickness 
dimension t remained at a bottom wall is small and that 
the bottom wall can not receive the hammering -force of 
the fastener if an undercut type hole 15 is formed in a 
concrete structure 14 shown in Fig. 6. Further, it is ar- 
ranged such that the friction resistance between the out- 
-er peripheral surface of the sleeve 2 andthe inner pe- 
ripheral surface of the prepared hole 1 5 receives the fas- 
tener hammering force. 

[0118] First, after the fastener 1 is inserted into the 
prepared hole 15 as shown in Fig. 6(A), the sleeve 23 
is hammered by hammering operation through a dedi- 
cate hammering shaft (hammering jig) shown in Fig. 13 
(the hammering jig 22 will be discussed later). At this 
time, the fastener 1 is hammered until the upper end 
portion of the sleeve 2 becomes lower in height level 
than the upper wall surface of the concrete structure 1 4 
by a predetermined quantity e as shown in Fig. 6(B) so 
that the flange portion 8 and the ribs 9 located at the 
upper end portion of the sleeve 2 are completely press- 
fitted. Since the flange portion 8 is arranged to perform 
an easily deformable property by previously providing 
the circumferential groove 10 (Refer to Fig. 2 and 5. In 
these Figures, the left half portion shows a condition that 
the flange portion is not yet deformed, and the right half 
portion shows a condition that the flange portion 8 has 
been deformed.), during the hammered process of the 
sleeve 2, the flange portion 8 is press-fitted to the pre- 
pared hole 15 while being deformed in the diametrical 
direction. With this manner, even if a portion near the 
upper end periphery of the prepared hole 15 is not a 
complete round, the flange portion 8 is deformed so as 
to follow the shape of the prepared hole 15 and equiv- 
alently fitted with the inner peripheral surface of the pre- 
pared hole 15. Therefore, it becomes possible to pre- 
vent any clearance from being generated between the 
prepared hole 15 and the sleeve after the installation 
operation and to prevent rain water and the like from 
infringing into a clearance therebetween. 
[0119] Herein, if the prepared hole 15 is finished so 
that the depth of the prepared hole 1 5 corresponds to a 
specific dimension, by controlling the hammering de- 
gree of the sleeve 2 so that the above-described dimen- 
sion e is set at the specific dimension, the tip end of the 
sleeve 2 does not reach the bottom wall surface of the 
prepared hole 15. 



[0120] After the sleeve 2 is hammered by a specific 
quantity, the tip end of the expansion portion 6 of the 
sleeve 2 is expanded by hammering the plug 3 by 
means of the hammering jig 20 similar to that mentioned 

5 above as shown in Fig. 6(C) (the hammering jig 20 will 
be discussed later). At this time, although the sleeve 2 
also tends to be hammered due to the friction force gen- 
erated between the plug 3 and the sleeve 2 according 
to the hammering of the plug 3, as mentioned above, 

10 the flange portion 8 is engaged with the concrete struc- 
ture 14 in addition that the general outer peripheral sur- 
face is fitted with the inner peripheral surface of the pre- 
pared hole 15. Therefore, the friction force between the 
inner peripheral surface of the prepared hole 15 and the 

15 sleeve 2 can sufficiently oppose the hammering force of 
the plug 3, and only the plug 3 is hammered with respect 
to the sleeve 2. 

[0121] During a process that the plug 3 is hammered, 

- the convexoconcave engagement between the recess 
20 groove 11 of the plug 3 and the projecting portion 7 of 

the expansion portion 6 is gradually disengaged as 
shown in Fig. 4, and according to this gradual disen- 
gagement, the expansion portion 6 is expanded into a 
skirt shape along a tapered surface 1 5a of the prepared 

25 hole 1 5. Then, the other recess groove 1 2 of the plug 3 
is engaged with the projection portion 7 and therefore 
the relative positioning between the sleeve 2 and the 
plug 3 is executed. Therefore, the expansion of the ex- 
pansion portion 6 is completed by reaching this condi- 

30 tion. By the engagement between the recess groove 1 2 
and the projecting portion 7, the expansion portion 6 
once expanded to the maximum expanded state as 
shown in Fig. 6(C) is slightly returned due to a so-called 
spring back phenomenon and is put in the condition 

35 shown in Fig. 7(A). Therefore, a builder can momentarily 

- feel that the recess groove 1 2 is engaged with the pro- 
jecting portion 7 as an installation feeling, and the ham- 
mering operation of the plug 3 is terminated by obtaining 
the installation feeling regarded that the expansion por- 

40 tion 6 was expanded by the predetermined quantity. If 
the depth dimension of the prepared hole 15 corre- 
sponds to the specific dimension, the tip end of the plug 
3 is not contacted with the bottom wall surface of the 
prepared hole 15 under the expanded condition of the 

45 expansion portion 6. 

[0122] If the expansion of the expansion portion 6 is 
completed by the hammering of the plug 3, a predeter- 
mined fixing structure 1 6 is set on the concrete structure 
15 as shown in Fig. 7(B), and a bolt 17 passing through 

so the fixing structure 16 is screwed to the female screw 
portion 4 of the sleeve 2 to be fixed with the concrete 
structure 15. At this time, since the plurality of ribs 9 
formed on the outer peripheral surface of the sleeve 3 
are engaged with the concrete structure 1 4 as explained 

55 above, this arrangement prevents the sleeve 2 from be- 
ing rotated together with the bolt 1 7. According to the 
tightening of the bolt 17, the sleeve 2 is relatively pulled 
up and therefore the upper end surface of the sleeve 23 
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is fitted with the fixing structure 16. Further, the expan- 
sion portion 6 previously expanded is fitted with the ta- 
per surface 1 5a of the prepared hole 1 5. As a result, the 
expansion portion 6 expanded into a skirt shape and the 
fixing structure 16 press-fittingly tighten the concrete s 
structure 14. Therefore, it becomes possible to strongly 
fix the fixing structure 16 with a further strong anchor 
effect. 

[0123] With the thus arranged embodiment, when the 
fastener 1 is put alone in the non-expanded condition, 10 
the sleeve 2 and the plug 3 are engaged with each other 
by the convexoconvave engagement so as to be rela- 
tively positioned with each other, in addition to the press- 
fitting of the plug 3 to the sleeve 3. Therefore, the sleeve 
2 and the plug 3 are not separated and are easy to be 
handled. Further, even when the hammering force can- 
not be received at the bottom wall surface of the pre- 
pared hole 15, it is of course possible to execute the 
anchor hammering by receiving the hammering force in 
the friction force between the sleeve 2 and the inner pe- 
ripheral surface of the prepared hole 15. Further, since 
the installation feeling caused by the convexoconcave 
engagement is obtained by expanding the expansion 
portion 6 through hammering the plug 3 to the specific 
position, the dispersion of the installation condition due 
to differences among builders is prevented, and the sta- 
ble anchor effect is always ensured. Furthermore, by 
employing the prepared hole 15 of a so-cailed undercut 
type in addition to the fastener 1 , the tensile strength is 
further improved. 

[01 24] Next, the detail of the jig 20 of Fig. 1 3 employed 
in the hammering of the fastener 1 , that is, a preferred 
embodiment of the jig according to claim 10 will be ex- 
plained with reference to Figs. 8 and 9. Herein, the jig 

20 is characterized to be commonly adapted to the ham- 
mering of the sleeve 2 and the hammering of the plug 3 
by changing an effective longitudinal dimension of a 
punch portion 22 inserted to the sleeve 2. 
[0125] The jig 20 is generally constituted by a rod 23 
integrated so that the punch portion 22 inserted into the 
sleeve 2 is located on the same axis with a shank portion 

21 acting as a grip portion and a hammering input por- 
tion, and an adjustable adapter 24 attached to the rod 
23. 

[0126] The shank portion 21 and the punch portion 22 
of the rod 23 are both solid cylindrical shapes, the rod 
23 is formed into a stepped shaft shape as a whole, and 
a flange portion (deformed flange portion) 25 of a flat 
oval or oval shape taking a diameter of the shank portion 
21 as a miner axis is integrally formed at the shank por- 
tion 21 near the punch portion 22. 
[0127] On the other hand, the adjust adapter 24 is 
constituted by a compress-cylindrical case 27 having a 
male screw portion 26 at its outer peripheral surface and 
a cup-shaped cover 29 having a female screw portion 
28 at its inner peripheral surface. The case 27 is at- 
tached to the rod 23 from the punch portion 22, and the 
cover 29 is attached to the rod 23 from the shank portion 



21 . Then, both of the case 27 and the cover 29 sandwich 
the flange portion 25 and are detachably connected with 
each other through screw portions 26 and 28 thereof. 
Width across flat portions 30 for tightening and loosen- 
ing the screw portions 26 and 28 are formed on outer 
peripheral surfaces of the case 27 and the cover 29. Fur- 
ther, an annular projection 31, which is seated on the 
sleeve 2 when the sleeve 2 or the plug 3 is hammered, 
is formed at a lower surface of the case 27. 
[0128] Different two engagement grooves 32 and 33, 
which the flange portion 25 is engageble with and de- 
tachable from, are formed at an upper surface of the 
case 27 so as to cross with each other in a plan view 
direction. More specifically, the first engagement groove 

32 having the same shape with the flange portion 25 
and a deeper depth and the second engagement groove 

33 having the same shape with the flange portion 25 
and a shallow depth are provided at the case 27 so that 
they are sifted by 90° in phase with each other so _ as to 
form a cross shape. By rightly rotating or inversely ro- 
tating the rod 23 and the adjust adapter 24, one of the 
two engagement grooves 32 and 33 is selectively en- 
gaged with the flange portion 25. 

[0129] That is, as shown in Fig. 28, when the flange 
portion 25 is engaged with the shallow depth second en- 
gagement groove 33, a distance L1 from the annular 
projection 31 to the tip end of the punch portion 22 is 
adjusted to the distance D1 from the upper end surface 
of the sleeve 2 of the non-expanded fastener 1 shown 
in Fig. 6(A) to the upper end surface of the plug 3. In this 
case, a clearance C necessary for releasing the en- 
gagement between the second engagement groove 33 
and the flange portion 25 is ensured between the flange 
portion 25 engaged with the second engagement 
groove 33 and the cover 29. Accordingly, by using the 
jig 20 set at the condition shown in Fig. 8, the sleeve 2 
can be hammered. 

[0130] As shown in Figs. 11 and 12, when the flange 
portion 25 is engaged with the first engagement groove 
32 having a deep depth, the distance between the an- 
nular projection 31 to the tip end portion of the punch 
portion 22 is set to correspond with the distance L2 
(L1<L2) from the upper end surface of the sleeve 2 of 
the fastener 1 expanded as shown in Fig. 6(A) to the 
upper end surface of the plug 3. In this case, a clearance 
C1 necessary for releasing the engagement between 
the first engagement groove 32 and the flange portion 
25 is ensured between the flange portion 25 engaged 
with the first engagement groove 32 and the cover 29. 
Accordingly, by using the jig 20 set at the condition 
shown in Figs. 11 and 12, the plug 3 can be hammered 
with respect to the sleeve 2. 

[0131] Accordingly, when the sleeve 2 is hammered, 
the flange portion 25 of the jig 20 is engaged with the 
second engagement groove 33 having the small depth 
as shown in Fig. 8, and the punch portion 22 is inserted 
into the sleeve 2 preliminarily set in the prepared hole 
1 5 until the annular projection 31 contacts with the upper 
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end surface of the sleeve 2, as shown in Figs. 13(A) and 
13(B). Under this condition, the sleeve 2 is hammered 
until the case 27 is seated on the concrete structure 14 
by applying the hammering strike to the shank portion 
21 . Since the hammered depth of the sleeve 2 can be 
controlled by monitoring the seated condition of the case 
27, the hammered depth of the sleeve 2 is always main- 
tained at a constant value. 

[0132] When the plug 3 is hammered following to the 
hammering of the sleeve 2, the rod 23 is lifted up with 
respect to the adjust adapter 24 by the clearance C from 
the condition of Figs. 8 and 13(B), the engagement be- 
tween the second engagement groove 33 and the flange 
portion 25 are released, and the flange portion 25 is 
slightly engaged with the first engagement groove 32 
having the deep depth by relatively rotating between the 
adjust adapter 24 and the rod 23 by 90° (At this time, 
since the plug 3 is not yet hammered, the flange portion 
25 is not put in the fully hammered condition with respect 
to the first engagement groove 21 ). After it is recognized 
that the case 27 is seated on the concrete structure 14, 
the hammering strike is applied to the shank portion 21 
while the engaged condition between the first engage- 
ment groove 32 and the flange portion 25 is maintained. 
Until the flange portion 25 is put in the fully hammered 
condition with respect to the first engagement groove 
32, that is, until the condition shown in Fig. 14, the plug 
3 is hammered. In this case, on the basis of the condition 
that the case 27 is seated to the concrete structure 14 
and the flange portion 25 is fully hammered to the first 
engagement groove 32, the control of the hammering 
depth of the plug 3 can be executed. Therefore, the 
hammering depth of the plug 3 and the expanded con- 
dition of the expansion portion 6 is always set constant, 
and the installation condition is further stabilized. 
[01 33] The jig 20 of the embodiment has been shown 
so as to be commonly employed in the hammering of 
the sleeve 2 and the hammering of the plug 3, herein. 
However, since .it is possible to properly set the differ- 
ence of the projection dimensions of the punch portion 
22 based on the difference between the depth dimen- 
sions of the first and second engagement grooves 32 
and 33, it is possible, for example, that as to two kinds 
of fasteners having different sizes, different sleeves 2 
having two kinds of D1 dimensions (refer to Fig. 6 (A)) 
may be commonly employed for the hammering or dif- 
ferent plugs 3 having two kinds of D2 dimensions (refer 
to Fig. 6 (C)) may be employed for the hammering. 
[0134] Figs. 15 to 18 are figures showing the preferred 
embodiment (second embodiment) of the fastener ac- 
cording to the present invention described in claims 1 
and 5 to 7, and show an example of a metal post-instal- 
lation anchor and of a sleeve hammering type. In Fig. 
18, the left half portion thereof shows a non-expanded 
condition of the expansion portion, and the right half por- 
tion thereof shows the expanded condition of the expan- 
sion portion. 

[0135] As shown in Fig. 15 and 16, a fastener 41 is 



constituted by a sleeve 42 of a hollow cylindrical shape 
and an anchor main body 43 of the stepped shaft shape, 
which is press-fitted into the sleeve 42. 
[0136] The sleeve 42 is formed into a shape having a 

5 minimum longitudinal dimension which is minimum and 
necessary as an expansion portion. Further; a lower end 
portion of the sleeve 42 is divided into a collet shape 
having four radially slotted grooves 44 and is formed into 
an expansion portion 45 expandable in a radial direc- 

w tion. Furthermore, a projecting portion 47 is provided at 
an inner peripheral surface of the expansion portion 45 
so as to partially decrease an inner diameter thereof. 
[0137] On the other hand, the anchor main body por- 
tion 43 is constituted by a plug 48 directly press-fitted 

is into the sleeve 42 as an expansion member and a large 
diameter shaft portion 49 integral with and extending 
from the plug 48, Further, a stepped portion 50 is pro- 
vided between the plug 48 and the larger diameter shaft 
portion 49 corresponding to the difference of the diam- 

20 eters therebetween. The diameter of the large diameter 
shaft portion 49 is set to be generally the same as that 
of the sleeve 42, and a female screw portion 51 is 
formed on the inner periphery of the larger diameter 
shaft portion 49. Further, a plurality of ribs 52 are pro- 

25 jectingly provided on an outer peripheral surface of the 
end portion at which the female screw portion 51 of the 
large diameter shaft portion 49 is opened. The ribs 52 
have a function for preventing the anchor main body por- 
tion 43 from being rotated when a bolt is screwed to the 

30 female screw portion 51 as mentioned later. 

[0138] The plug 48 integrally formed with the large di- 
ameter shaft portion 49 is set to have a longitudinal di- 
mension slightly longer than the sleeve 42. Further, the 
plug 48 is provided with a recess groove 54 which in- 

35 eludes a taper surface 53 at the tip end portion of the 
plug 48 and a recess groove 55 which is slightly larger 
in diameter than the recess groove 54 and act as a neck 
portion. By these portions, the plug 48 is formed into a 
limbless wooden doll shape or stepped shaft shape. The 

40 recess groove 54 is formed into a shape corresponding 
to the projecting portion 47 at the inner periphery of the 
expansion portion 45 in the non-expanded condition, 
and the other recess groove 55 is formed into a shape 
corresponding to the projection portion 47 at the inner 

45 periphery of the expansion portion 45 in the expanded 
condition. Further, the diameter of the projecting portion 
56 at the tip end of the plug 48 is formed slightly greater 
than the minimum inner diameter at the top portion of 
the projecting portion 47 at the inner periphery of the 

so expansion portion 45 in the non-expanded condition. As 
to the relative relationship between the expansion por- 
tion 45 of the sleeve 42 and the plug 48, the structure 
thereof is the same as that explained in the first embod- 
iment. 

55 [0139] By press-fitting the plug 48 into the sleeve 42 
in order to connect the sleeve 42 and the plug 48 at the 
anchor main body portion 43 by means of the interfer- 
ence fit connection, in addition that the general inner pe- 
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ripheral surface of the sleeve 42 and the general outer 
peripheral surface of the plug 48 are put in the interfer- 
ence fitting condition, the recess groove 54 of the tip end 
of the plug 48 and the projecting portion 47 of the ex- 
pansion portion 45 are engaged with each other by 
means of the covexoconcave engagement so as to per- 
form a detach preventing effect due to the relative posi- 
tioning. Therefore, even if the fastener 41 in the pre-in- 
stallation condition is put alone, the sleeve 42 and the 
plug 48 are not separated from each other. Simultane- 
ously, a relative movement stroke S allowed between 
the sleeve 42 and the steppe portion 50 of the anchor 
main body portion 43 is set therebetween. 
[0140] Next, the installation procedure of the fastener 
41 will be explained as to a case that a prepared hole 
15 of an undercut type is also formed, with reference to 
Figs. 17 and 18. 

[01 41 ] This example shows a case that the sleeve 42 
is seated to a bottom* wall surface of the prepared hole 
15 of the undercut type which is formed in a concrete 
structure 14 and that the plug hammering force is re- 
ceived by the bottom wall surface. 
[0142] After the fastener 41 is inserted into the pre- 
pared hole 15 from the side of the sleeve 42 as shown 
in Fig. 18, and the tip end of the sleeve 42 is seated to 
the bottom wall portion of the prepared hole 1 5 by weak- 
ly applying the hammering strike to the large diameter 
shaft portion 49 of the anchor main body portion 43 
through a hammering shaft (hammering jig) 57 shown 
in Fig. 17, Further, a hammer main strike is applied to 
the anchor main body portion 43 to expand the expan- 
sion portion 45 of the sleeve 42. Furthermore, the an- 
chor main body portion 43 is hammered until the upper 
end surface of the large diameter shaft portion 49 be- 
comes slightly lower in height level than the upper wall 
surface of the concrete structure 1 4 by a predetermined 
quantity, so that the ribs 52 at the end portion of the large 
diameter shaft portion 49 are completely press-fitted in- 
to the prepared hole 1 5 (a condition of the right half por- 
tion of Fig. 18). 

[0143] During the process that the anchor main body 
portion 43 is hammered, the convexoconcave engage- 
ment between the recess groove 54 of the plug 48 and 
the projecting portion 47 of the expansion portion 45 is 
gradually disengaged, and according to this gradual dis- 
engagement, the expansion portion 45 is expanded into 
a skirt shape along the taper surface 1 5a of the prepared 
hole 15. Then, the sleeve 42 is contacted with the 
stepped portion 50 of the anchor main body portion 43 
so as not to be moved with each other. Simultaneously, 
the other recess groove 55 of the plug 48 is engaged 
with the projection portion 47 and therefore the relative 
positioning between the sleeve 42 and the plug 48 is 
executed. Therefore, the expansion of the expansion 
portion 45 is completed by this condition. By the engage- 
ment between the recess groove 55 and the projecting 
portion 47, as is similar to the case of Figs. 6 and 7, the 
expansion portion 45 once expanded to the maximum 



expanded state is slightly returned due to a so-called 
spring back phenomenon and is put in the condition of 
the right half portion of Fig. 1 8. Therefore, a builder can 
momentarily feel that the recess groove 55 is engaged 

5 with the projecting portion 47 as an installation feeling, 
and the hammering operation of the plug 48 is terminat- 
ed by obtaining the installation feeling regarded that the 
expansion portion 45 was expanded by the predeter- 
mined quantity. These behaviors are the same as those 

10 of the first embodiment previously explained. 

[0144] During the expansion of the expansion portion 
45 is completed by the hammering of the plug 48, a pre- 
determined fixing structure is set to the concrete struc- 
ture 1 4, and a bolt inserted to the fixing structure is tight- 

15 ened to the female screw portion 51 of the large diam- 
eter shaft portion 49, in the same procedure as that 
shown in Fig. 7. 

[01 45] In addition to the advantages as same as those 

• of the first embodiment, this embodiment has a merit 
20 that the sleeve 42 may be extremely small in longitudinal 

dimension. That is, the sleeve 42 of the present embod- 
iment may substantially have a function as the expan- 
sion portion 45 and therefore may be small. If a sleeve 
is long, it is necessary to produce the sleeve by means 

25 of the follow roll forming. In contrast to this, since the 
sleeve 42 is short, it is possible to easily produce it by 
means of the forging press method, and therefore it is 
possible to decrease the cost of the part. 
[0146] Fig. 19 is a modification of the fastener 41 

30 shown in Figs. 15 to 18. In this modification, a male 
screw portion 201 instead of the female screw portion 
51 of the anchor main body portion 43 is integrally 
formed with the anchor main body portion 43. The other 
structure is the same as that shown in Figs. 15 to 1 8. A 

35 nut 203 is screwed to the male screw portion 201 
through a washer 202. This modification performs the 
functions as same as that shown in Figs. 15 to 1 8 does. 
[0147] Figs. 20 and 21 shows a preferred embodi- 
ment (third embodiment) of a fastener 61 according to 

40 the invention claimed in claims 1,5,6 and 8, and shows 
an example of a so-called metal installation anchor and 
of the sleeve hammering type. Herein, parts common 
with those of the second embodiment shown in Figs. 1 5 
to 18 are denoted by the same reference numerals. 

45 [0148] As shown in Figs. 20 and 21 , a deformed rein- 
forcing bar 64 for reinforce concrete is integrally formed 
with the large diameter shaft portion 63 of the anchor 
main body portion 62 instead of the female screw portion 
51 shown in Fig. 1 6. A male screw portion 65 is formed 

so at a boundary portion between the large diameter shaft 
portion 63 and the deformed reinforcing bar 64. A lock 

* nut 66 is previously screwed to the male screw portion 
65. 

[0149] In the installation of the fastener 61 of the 
55 present embodiment, there are the procedure and the 
behavior from the operation that the anchor main body 
portion 62 is hammered by hammering strike under the 
condition that the sleeve 42 is seated on the bottom wall 
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surface of the prepared hole 1 5 to the operation that the 
expansion portion 45 of the sleeve 43 is expanded as 
shown in Fig. 20, which procedure and behavior are the 
same as those of the second embodiment explained 
previously. 5 
[0150] After the expansion of the expansion portion 
45 is completed, the lock nut 66 previously screwed to 
the male screw portion 65 is tightened through the wash- 
er 67. With this operation, the fastener 61 is drawn from 
the prepared hole 15 by a predetermined quantity in the 
drawn-out direction, and finally the deformed reinforce- 
ment bar 64 of the fastener 61 is strongly fixed to the 
concrete structure 14 in the form of compressingly tight- 
ening the concrete structure 1 4 by the expansion portion 
45 and the lock nut 66. The deformed reinforcement bar 
is, for example, used as a reinforcing bar for earthquake- 
resisting and reinforcing the concrete structure 14. 
[0151] In this embodiment, since the fastener 61 is 
fixed while having an initial press tightening force due 
to the tightening of the lock nut 66, it performs a superior 
resisting force in both the expansion direction and the 
compression direction. 

[0152] Figs. 22 to 27 shows a preferred embodiment 
(fourth embodiment) of the fastener according to the in- 
vention claimed in claims 1 , 4 and 7, and shows an ex- 
ample of a so-called metal-type post-installation anchor 
and of the sleeve hammering type. More particularly, it 
shows an example employed in the installation of a 
hanging bolt. In Figs. 26 and 27, the right half portion 
shows the non-expanded condition of the expansion 
portion, and the left half portion shows the expanded 
condition of the expansion portion. 
[01 53] As shown in Fig. 22 to 25, a fastener 71 is con- 
stituted by a sleeve 72 of a hollow cylindrical shape and 
an anchor main body portion 73 of a generally stepped 
shaft shape, which is press-fitted into the sleeve 72. 
[0154] The sleeve 72 is formed into a member having 
a short longitudinal dimension which is necessary and 
minimum as an expansion portion. A bead portion 74 of 
a spiral shape is formed at the outer peripheral surface 
of the sleeve 72. A tip end portion of the sleeve 72 is 
divided into a collet shape having four radially slotted 
grooves 75 having a longitudinal dimension which is 
two-third of the longitudinal dimension of the sleeve and 
is formed into an expansion portion 76 expandable in 
the radial direction. An inner peripheral surface of the 
expansion portion 76 is a simple cylindrical surface, and 
its inner diameter is set to be slightly smaller than a di- 
ameter of a general inner surface of the sleeve. Further, 
the inner peripheral surface of the expansion portion 76 
and the general inner peripheral surface of the sleeve 
are smoothly continued through a step taper surface 77 
constituted by taper surfaces of several steps. 
[01 55] On the other hand, the anchor main body por- 
tion 73 is constituted by a plug 78 directly press-fitted 
into the sleeve 72 as an expanding member, a large di- 
ameter shaft portion 79 integrally formed as if the plug 
78 extends thereto, and a hexagonal head portion 89 



integrally formed with large diameter shaft portion 79 
while slightly increasing the diameter and as if the large 
diameter shaft portion 79 extends thereto. A stepped 
portion 81 corresponding to a difference between the 
diameters of the plug 78 and the large diameter shaft 
portion 79 is provided between the plug 78 and the large 
diameter shaft portion 79. The diameter of the large di- 
ameter shaft portion 79 is set to be generally similar to 
that of the sleeve 72, and a female screw portion 82 (re- 
fer to Fig. 27) is formed at the inner periphery of the head 
portion 80. Further, a plurality of ribs 83 are projectingly 
formed on the outer peripheral surface of the large di- 
ameter shaft portion 79. The ribs 83 perform a function 
of preventing the anchor main body portion 73 from be- 
ing also followingly rotated when the bolt screwed to the 
female screw portion 82 is tightened as mentioned later. 
[0156] The plug 78 integrally formed with the large di- 
ameter shaft portion 78 has a longitudinal dimension 
slightly longerthan that of the sleeve 72. As enlargedly 
shown in Fig. 25, a tip end projection 84, which is slightly 
greater than the minimum inner diameter of the expan- 
sion portion 76 of the sleeve 72, is formed at the tip end 
portion of the plug 78. A neck portion 85 acting as a small 
diameter portion is formed at a center portion of the plug 
78 in the longitudinal direction. Further, a step taper 
shaft portion 86 of a generally barrel shape, which is 
constituted by taper surfaces of several steps for 
smoothly expanding the expansion portion 76, is formed 
between the tip end projection 84 and the neck portion 
85. The shape of the step taper shaft portion 86 is 
formed into a shape corresponding to the step taper sur- 
face 77 of the inner periphery of the expansion portion 
in the non-expanded condition. 

[0157] By press-fitting the plug 78 into the sleeve 72 
in order to combine the sleeve 72 and the plug 78 of the 
anchor main body portion -73 by means of the interfer- 
ence fit connection, in addition that the general inner pe- 
ripheral surface of the sleeve 72 and a part of the step 
taper shaft portion 86 of the plug 78 are put in the inter- 
ference fit condition, the step taper shaft portion 86 and 
the step taper surface 77 are put in the interference fit 
connection condition. Further, both of them are engaged 
by the convexoconcave engagement after getting over 
the tip end projection 84. Therefore, a detach preventing 
effect is generated due to the relative positioning. The 
fastener 71 in the pre- installation condition is arranged 
such that the sleeve 72 and the anchor main body por- 
tion 73 are not separated from each' other. Simultane- 
ously, a relative movement stroke S allowed between 
the sleeve 72 and the anchor main body portion 73 is 
set therebetween. 

[0158] Accordingly, when the thus arranged fastener 
71 is hammered to a prepared hole 150 of a simple cyl- 
inder type, the fastener 71 is inserted to the prepared 
hole 1 50 until the sleeve 72 reaches the bottom wall sur- 
face of the prepared hole 150. Thereafter, a hammer 
strike is applied to the hexagonal head portion 80 by 
means of a not-shown dedicated hammering bar, or a 
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strike is directly applied to the head portion 80 by a plas- 
tic hammer. That is, the fastener 71 is hammered until 
the tip end of the plug 78 at the anchor main body section 
73 is seated to the bottom wall surface of the prepared 
hole 150, and until the ribs 83 formed at the outer pe- 
riphery of the large diameter portion of the anchor main 
body portion 73 are engaged. 

[0159] During the hammering process by the hammer 
strike, the convexoconcave engagement between the 
step taper surface 77 of the inner periphery of the ex- 
pansion portion 76 and the step taper shaft portion 86 
of the plug 78 is disengaged, and the expansion portion 
45 is expanded by the relative movement of the sleeve 

72 and the anchor main body portion 73. Then, when 
the tip end of the plug 78 is seated to the bottom wall 
surface of the prepared hole 150, the tip end of the 
sleeve 42 is contacted with the stepped portion 81 of the 
anchor main body portion 73 so as not to be moved with 
each other. Therefore, the hammering of the fastener 
71 is completed by this condition. 

[0160] Thereafter, a not-shown hanging bolt is 
screwed and fixed to the female screw portion 82 of the 
anchor main body portion 73. In this case, since the ribs 
83 formed at the outer periphery of the large diameter 
shaft portion 79 is engaged with the concrete structure 
14, even when the hanging bolt is screwed, the anchor 
main body portion 73 is not rotated thereby. Further, by 
executing the tightening operation of the hanging bolt 
through engaging a spanner with the hexagonal head 
portion 80 according to necessity, the followed rotation 
of the anchor main body portion 73 is firmly prevented. 
[0161] Herein, the striking sound is clearly varied 
when the tip end of the plug 78 is seat to the bottom wall 
surface of the prepared hole 1 50 and when the end sur- 
face of the sleeve 72 contacts with the stepped portion 
81 . Therefore, the confirmation as to the expansion of 
the expansion portion 76 of the sleeve 72 during the 
hammering process is executed by this change of the 
hammering sound, and the hammering .is completed 
thereby. 

[0162] Further, at the timing that the hammering is 
completed by the expansion of the expansion portion 
76, the step taper shaft portion 86 having a barrel shape 
at the plug 78 as shown in Figs. 26 and 27 is completely 
fitted to the inner periphery of the expanded expansion 
portion 76 and is substantially engaged again with each 
other into the convexoconcave engagement. The 
sleeve 72 expanded and the anchor main body portion 

73 are relatively positioned, and therefore even when 
the force due to the earthquake or mechanical vibration 
is applied to the fastener, no loosening is generated 
therebetween. 

[0163] Furthermore, by absolutely conditioning such 
that a so-called nominal length from the set position of 
the rib 83 to the head portion 80 is ensured long in some 
degree and that the ribs 83 are firmly engaged with the 
concrete structure 14, even if the depth of the prepared 
hole 150 is varied, that is, even if the head portion 80 of 



the anchor main body portion 80 is not completely seat- 
ed to the concrete structure 14 and if the projection 
length of the head portion 80 from the concrete structure 
14 is varied, there is not problem in mechanical strength 
5 (necessary strength). As a result, it becomes unneces- 
sary to strictly control the depth dimension of the pre- 
pared hole 150. 

[0164] Fig. 28 shows a modification of the fastener 71 
shown in Figs. 22 to 27. In this modification, a male 

10 screw portion 21 1 instead of the hexagonal head portion 
80 of the anchor main body portion 73 is integrally 
formed with the anchor main body portion 73. The other 
structure is the same as that shown in Figs. 22 to 27. A 
nut 213 is screwed to the male screw portion 211 

15 through a washer 212. This modification performs the 
function as same as that of the embodiment shown in 
Fig. 22 to 27. 

[01 65] Figs. 29 to 33 shows further another modifica- 
tion of the fastener 71 shown in Figs. 22 to 27. In this 

20 modification, the longitudinal dimension of the sleeve 
72, that is, the length of the sleeve 72 with respect to 
the overall length of the fastener 71 installed is set to be 
longer than that of the previous modification. Further, 
the outer diameter of the sleeve 72 is positively varied 

25 in the longitudinal direction. Parts common to those 
shown in Figs. 22 to 27 are denoted by same reference 
numerals. 

[0166] More specifically, as shown in Figs. 29 and 32, 
the outer diameter dimension at the longitudinal center 

30 portion of the expansion portion 76 of the sleeve 72 is 
positively set to be slightly smaller than the upper and 
lower portion thereof by a predetermined quantity e so 
as to be formed into a stepped shaft shape as a whole. 
Two annular bead portions 110 are formed at the small 

35 diameter portion, and a part lower than the bead portion 
110 is continued to the a general portion 76a of the ex- 
pansion portion 75 through a taper shaft portion 111. 
With this arrangement, the thickness dimension t be- 
comes smallest at a part corresponding to the taper 

40 shaft portion 1 1 of the expansion portion 76, as is clear 
from Figs. 32 and 33. 

[0167] Accordingly, in this modification, during the 
process that the expansion portion 76 is expanded ac- 
cording to the relative movement between the sleeve 72 

is seated to the bottom wall surface of the prepared hole 
150 and the anchor main body portion 73 as shown in 
Fig. 33, when the step taper shaft portion 86 of the plug 
78 is detached from the step taper surface 77 of the ex- 
pansion portion 76, a part corresponding to the bead 

so portion 111 of the expansion portion 76 is particularly 
largely expanded to outside and is anchored to the hole 
wall surface of the prepared hole 150. Simultaneously, 
as a reaction force thereof, a force for diametrically de- 
creasing a part lower than the part corresponding to the 

55 bead portion 111 of the expansion portion 76 is gener- 
ated. 

[01 68] When the step taper shaft portion 86 of the plug 
78 passes through a part corresponding to the taper 
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shaft portion 111 lower than the bead portion 110, since 
the part corresponding to the taper shaft portion 111 is 
set to become smallest in the thickness t and in the outer 
diameter dimension, the part corresponding to the taper 
shaft portion 1 1 is plastically deformed to the outside by 5 
the passing-through of the step taper shaft portion 86 of 
the plug 78, but a clearance is kept with respect to the 
hole wall surface of the prepared hole 150. 
[0169] Thereafter, the step taper shaft portion 86 of 
the plug 78 is pushed into the general portion 76a locat- io 
ed lower than the part corresponding to the taper shaft 
portion 111 of the expansion portion 76 after passing 
through the part. The general portion 76a is expanded 
to the outside and is engaged with the hole wall surface 
of the prepared hole 150. Simultaneously, as a reaction 15 
force thereof, a force for diametrically decreasing a low- 
est end portion of the general portion 76a is generated. 
[0170] When the tip end of the plug 78 is seated at the 
hole bottom surface of the prepared hole 150, the end 
surface of the plug 78 simultaneously contacts with the 
stepped portion 81 of the anchor main body portion 73, 
and therefore the relative movement therebetween is 
prevented. The hammering of the fastener 1 is complet- 
ed thereby. In this condition, although the whole outer 
peripheral surface of the expansion portion 76 is not en- 
gaged with the hole wall surface as is different from the 
type shown in Figs. 26 and 27, the upper and lower two 
portions sandwiching at least the taper shaft portion 1 1 1 
are engaged with the hole wall surface with a large en- 
gagement force. Therefore, it is possible to obtain the 
anchor effect as same as or larger than that of the fas- 
tener shown in Figs. 26 and 27. Further, the barrel- 
shaped step taper shaft portion 86 of the plug 78 is com- 
pletely fitted to the inner periphery of the expanded ex- 
pansion portion 76 and is substantially engaged again 
with each other-into the convexoconcave engagement. 
The sleeve 72 expanded and the anchor main body por- 
tion 73 are relatively positioned, and therefore even 
when the force due to the earthquake or mechanical vi- 
bration is applied to the fastener, no loosening is gener- 
ated therebetween. 

[0171] In this modification, since there are not provid- 
ed the ribs 83 shown in Figs. 26 and 27, upper and lower 
scales L1 and L2 are previously marked on the large 
diameter shaft portion 79 of the anchor main body por- 
tion 73 instead of the provision of the ribs so that it is 
possible to control the hammered depth of the anchor 
main body portion 73 within the tolerance through the 
visual observation. 

[0172] Figs. 34 to 36 shows a preferred embodiment 
(fifth embodiment) of the fastener according to the in- 
vention claimed in claims 1 and 9, and shows a so-called 
resin -type post-installation anchor or resin rivet. 
[0173] As shown in Figs. 34 and 35, a fastener 91 is 
constituted by a hollow cylindrical sleeve 93 having a 
circular head portion 92 and a stepped shaft shape or 
fungiform plug 95, which has a head portion 94 and is 
press-fitted into the sleeve 93. Both are made of ther- 



moplastic resin such as nylon. 

[01 74] A tip end portion of the sleeve 93 is divided into 
a collet shape having four radially slotted grooves 75 
having a longitudinal dimension which is a half of the 
longitudinal dimension of the sleeve and is formed into 
an expansion portion 97 expandable in the radial direc- 
tion. In contrast that the general inner peripheral surface 
of the sleeve 93 is a simple cylindrical surface, an inner 
peripheral surface of the expansion portion 97 has a 
step taper surface 99 which is continuous to a general 
inner peripheral surface and is gradually decreased in 
diameter toward the tip end. Further, the inner peripheral 
surface is formed into a taper hole shape gradually and 
smoothly increased in diameter at a portion between a 
throat portion 1 00, which is a minimum diameter portion 
of the step taper surface 99, and the further tip end side. 
[0175] On the other hand, the plug 95 is set so that a 
shaft portion 1 01 thereof is slightly greater in length than 
the sleeve 93r As shown in Fig: -36; the plug 95 is pro- 
vided at its tip end portion with a tip end projection 1 02 
which is slightly greater in diameter than a throat portion 
100 of the minimum diameter in the expansion portion 
97 of the sleeve 93, and is provided at the longitudinal 
center portion of the shaft portion 1 01 with a neck portion 
1 03 of a small diameter portion. Further, there is provid- 
ed a barrel -shaped step taper shaft portion 1 04 consti- 
tuted by several taper surfaces for smoothly expanding 
the expansion portion 97 between the tip end projection 
102 and the neck portion 103. The shape of the step 
taper shaft portion 104 corresponds to a shape of the 
step taper surface 99 of the inner periphery of the non- 
extended expansion portion 97. The shape of the neck 
portion 1 03 corresponds to a shape of the throat portion 
100 at the inner periphery of the expansion portion 97 
expanded as shown in Fig. 36. 

[0176] By press-fitting the plug 95-into the sleeve 72 
form the direction of the head portion 92 in order to com- 
bine the sleeve 93 and the plug 95 by the press-fit con- 
nection, in addition that the step taper shaft portion 1 04 
and the general shaft portion in the shaft portion of the 
plug 95 are press-fitted to the general inner peripheral 
surface of the sleeve 93, the step taper shaft portion 1 04 
is fitted with the step taper surface 99 of the sleeve 93, 
and simultaneously the tip end projection 1 02 of the plug 
95 rides over and is engaged with the throat portion 1 00. 
As a result, the step taper shaft portion 104 and the tip 
end projection 102 of the plug 95 are engaged with the 
step taper surface 99 and the throat portion 100 of the 
sleeve 93 by the convexoconcave engagement. There- 
fore, a detaching preventing effect is generated due to 
the relative positioning. The fastener 91 in the pre-in- 
stallation is arranged such that the sleeve 93 and the 
plug 95 are not separated from each other. 
[0177] The installation procedure of the thus arranged 
resin fastener 91 is executed as follows, as shown in 
Fig. 35. The sleeve 93 of the fastener 91 is inserted to 
a prepared hole 161 previously formed at a structure 
160 to be combined. Under a condition that the expan- 
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sion portion 97 of the sleeve 93 projects from a back 
surface of the structure 1 60 by a predetermined quantity 
and that the head portion 92 of the sleeve 93 is seated 
on the structure 160, the plug 95 is hammered to the 
sleeve 93 until the tip end portion of the plug 95 projects 5 
from the end portion of the expansion portion of the 
sleeve 93, in order to overlap the head portion 92 of the 
sleeve 93 and the head portion 94 of the plug 95. 
[0178] At this time, as shown in Fig. 36, the convexo- 
concave engagement between the step taper shaft por- 
tion 1 04 of the plug 95 and the step taper surface 99 of 
the sleeve 93 is disengaged by the hammering of the 
plug 95, and the expansion portion 97 is expanded into 
a skirt shape. Since the neck portion 103 of the plug 95 
is engaged with the throat portion 97 at the inner periph- 
ery of the expansion portion 97 by the convexoconcave 
engagement and since the installation feeling due to this 
convexoconcave engagement is obtained, it is con- 
firmed from the installation feeling that the expansion 
portion 97 is expanded by a predetermined quantity. Si- 
multaneously, by the convexoconcave engagement be- 
tween the sleeve 93 and the plug 95, both of them are 
relatively positioned. Therefore, a loosening preventing 
effect between the sleeve 93 and the plug 95 installed 
(expanded) is generated so as to sufficiently endure the 
vibrations and the like. 

[0179] On the other hand, when it is desired to disen- 
gage the connection of the fastener which has been 
once installed, the plug 95 may be drawn out from the 
prepared hole 161 together with the sleeve 93 by ham- 
mering the plug 95 in the direction opposite to the instal- 
lation direction to cancel the expansion of the expansion 
portion 97. 

[0180] To enable the disassembly in opposite to the 
installation is the merit of the resin fastener 91 having a 
self recovery property of material. Particularly, if it is em- 
ployed in fixing of a circuit board for electric products or 
installation of vehicular interiors, it is effective to execute 
recycle of separately recovering a specific parts in the 
disassembly of spent products. 

[0181] Figs. 37 to 55 are figures showing a preferred 
first embodiment of a drill bit for working an undercut 
hole in accordance with the present invention, and cor- 
respond to the invention claimed in claims 1 1 to 13. This 
embodiment shows an example of a drill bit preferable 
to form a prepared hole to a concrete structure in the 
installation of a post-installation anchor of the undercut 
type. 

[0182] As shown in Figs. 37 to 40, a drill bit 301 is 
generally constituted by a hollow cylindrical cutter body 
302 having two kinds of cutter blades 325 and 326 as 
mentioned later, a stopper sleeve 303 and a dust col- 
lecting adapter 304 respectively installed to the cutter 
body 302, and a shank body 305 supporting the cutter 
body 302. 

[0183] The shank body 305 is formed by a main body 
306 of a cup-shape and a coupling sleeve 307 of a dou- 
ble cylindrical shape. By screwing a female screw por- 



tion 308 formed at the inner periphery of the main body 
306 and a male screw portion 309 formed at the outer 
periphery of the coupling sleeve 307 with each other, 
the main body 306 and the coupling sleeve 307 are de- 
tachably connected (refer to Fig. 48). At an upper end 
surface of the main body 306, a hexagonal shank por- 
tion 31 0, which is directly supported to a rotating section 
of a not-shown drilling machine, is integrally formed. At 
an outer peripheral surface of the main body 306, a 
width across flat portion 311 is formed. Since the male 
screw portion 313 at the upper end of the cutter body 
302 is screwed with respect to the male screw portion 
31 2, the cutter body 302 is detachably supported to the 
shank body 305. 

[0184] The stopper sleeve 303 and the dust collecting 
adapter 304 are adjacently disposed through a spacer 
314, and these stopper sleeve 303 and dust correcting 
adapter 304 are restricted in position along the axial di- 
rection by the stepped portion 31 5 of the cutter body 302 
and the spacer 31 5a. However, they are relatively mov- 
able in the axial direction within a restricted range and 
are relatively rotatable. 

[0185] More specifically, as shown in Figs. 39 and 40, 
the stopper sleeve 303 is supported to the cutter body 
302 through a ball bearing 317 so as to be relatively 
movable to the cutter body 302 and to be relatively mov- 
able in the axial direction. A convexoconcave surface 
318 of a rectangular saw-tooth shape is formed at the 
lower end portion thereof as shown in Fig. 41 . When the 
stopper sleeve 303 is set at a lowering limit position lim- 
ited by the stepped portion 31 5, a distance from the con- 
vexoconcave surface 318 to the tip end of the cutter 
body 302 is previously controlled according to the hole 
depth to be formed at a predetermined concrete struc- 
ture (refer to Fig. 53). When the hole depth machined 
by the cutter body 302 as mentioned later becomes a 
predetermined depth, the convexoconcave surface 31 8 
contacts with the concrete structure, and the stopper 
sleeve 303 together with the dust collecting adapter 304 
is relatively and vertically moved with respect to the cut- 
ter body 302. The upper surface of the ball bearing 31 7 
is covered with a cover 304a. 

[0186] A single hole 320, to which a discharge port 
324 is connected, is formed at the dust collecting adapt- 
er 304, and a collar 31 9 is installed to the dust collecting 
adapter 304. Simultaneously, the collar 319 is slidably 
installed to an inner cylinder portion of the coupling 
sleeve 307, and a ball bearing 321 is disposed between 
the collar 31 9 and the dust collecting adapter 304. With 
this arrangement, the collar 319 and the dust collecting 
adapter 304 are relatively rotated, and the dust collect- 
ing adapter 304 and the collar 319 are integrally slid 
when the dust collecting adapter 304 together with the 
stopper sleeve 303 relatively moves in the axial direction 
of the cutter body 302. 

[0187] At a part of the collar 319 and the cutter body 
302 located in the dust collecting adapter 304, that is, 
at a part corresponding to the hole 320, communication 
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holes 322 and 323 are formed at four positions on the 
circumferential direction by 90° phase, and the commu- 
nication holes 322 and 323 are communicated with each 
other. With this arrangement, even if the collar 31 9 and 
the cutter body 302 are relatively rotated with respect to 5 
the dust collecting adapter 304, the hole 320 is intermit- 
tently communicated with the dust collecting passage 
343 of the cutter body 302 through the communication 
holes 322 and 323 and is connected to a not-shown dust 
collector through a not-shown flexible tube connected 
to the discharge port 324. A stopper screw 316 acts as 
a detent of the collar 31 9 and the cutter body 302. 
[0188] A cutter blade 325 for working a straight hole 
is attached to the tip end of the cutter body 302 by means 
of brazing so as to traverse the cutter body 302 in the 
diametrical direction. Further, movable cutter brakes 
326 for undercut working are installed to positions op- 
posite with each other through the cutter blade 325 for 
working a straight hole, that is; to the positions offset by 
90° phase with respect to the cutter blade 325 for work- 
ing the straight hole. That is, as shown in Figs. 42 to 44, 
rectangular blade receiving grooves 328 having fulcrum 
top portions 327 of a relative sharp shape are openedly 
formed at the outer peripheral surface of the lower end 
portion of the cutter body 302 so as to penetrate the in- 
ner peripheral surface of the cutter body 302. The cutter 
blades 326 for working an undercut are installed to the 
fulcrum top portions 327 acting as a swing center and 
are swingably disposed in these blade receiving groove 
328 so as to have a relationship of the bilateral symme- 
try. Each of the cutter blades 326 is, as shown in Figs. 
45 to 47, constituted by forming a tip receiving groove 
330 to a tip holder 329 of a prism shape and by fixing a 
tip 331 made of hard metal to the receiving groove 330 
by means of brazing. A sector gear 332 is integrally 
formed at an inner-surface of each tip holder 329. Fur- 
ther, the tip 331 has cutting blades at portions corre- 
sponding to the tip end surface and the outer peripheral 
surface of the cutter body. 302, respectively. 
[0189] The sector gear 332 is meshed with a rack por- 
tion 339 of a control rod 336 installed in the cutter body 
302 as mentioned later. The cutter blades 326 for work- 
ing an undercut swings between a housing position P1 
and a diameter increasing position P2 shown in Fig. 53 
according to the slide displacement of the control rod 
336. When each cutter blade 326 is positioned at the 
housing position P1, the cutting blade at the outer pe- 
ripheral surface of each tip 331 is set so as to be located 
on a general cylindrical surface of the cuter body 302. 
[01 90] Dust collecting ports 333 are obliquely opened 
at the outer peripheral surface of the tip end portion of 
the cutter body 302 while penetrating inner and outer 
peripheries of the cutter body 302. The dust collecting 
ports 333 are communicated with a dust collecting pas- 
sage as mentioned later. 

[0191] The control rod 336 is, as shown in Figs. 39 
and 40, installed in the cutter body 302 so as to be con- 
nected to a sholder portion 335 steppedly formed at the 



upper end of the cutter body 302. The control rod 336 
is formed into a stepped shaft shape by a small diameter 
shaft portion 337 and a large diameter shaft portion 338 
on the small diameter shaft portion 337. As shown in 
Fig. 42, the rack portion 339 is provided at the tip end 
of the smal I diameter shaft portion 337 except for a width 
across flat portion. Further, a guide shaft portion 340 
having an extremely small diameter is provided at the 
tip end of the rack portion 339. The rack portion 339 is 
meshed with the sector gear 332 of each cutter blade 
326 for undercut work, and the guide shaft portion 340 
is slidably engaged to a guide hole 341 at the tip end of 
the cutter body 302. On the other hand, a male screw 
portion 342 is provided at the upper end of the large di- 
ameter shaft portion 338. The male screw portion 342 
projects to a position upper than the coupling sleeve 
307. The male screw portion 342 is screwed with a fe- 
male screw portion 346a of an intermediate sleeve 346 
-mentioned later and is pressingly fixed by meansof a 
lock nut 359. 

[0192] A dust collecting passage 343 is provided be- 
tween the small diameter shaft portion 337 of the control 
rod 336 and the cutter body 302, and the dust collecting 
passage 343 is communicated with the dust collecting 
ports 333 mentioned above, and is able to be commu- 
nicated with a hole 320 of the dust collecting adapter 
304 through communication passages 322 and 323 pro- 
vided in the cutter body 302. 

[01 93] A plurality of guile holes 334 of an ellipse shape 
are provided at the bottom wall portion of the coupling 
sleeve 307 forming the shank body 305 shown in Figs. 
39 and 40, at equal intervals as shown in Figs. 48 and 
49. A cam follower sleeve 345 engaged with the guide 
holes 344 is slidably installed in the main body 306, and 
a cup-shaped intermediate sleeve 346 is slidably in- 
stalled in the cam follower sleeve 345. 
[0194] More specifically, a plurality of projection por- 
tions 347 are formed at the lower end of the cam follower 
sleeve 345 into a comb shape. By the engagement of 
these projection portions 347 with the guide holes 344 
of the coupling sleeve 307, the relative rotation therebe- 
tween is prevented and the relative movement between 
the shank body 305 and the cam follower sleeve 345 in 
the axial direction is allowed. Further, the upper end sur- 
face of the cam follower sleeve 345 is pressingly con- 
tacted with an end portion of cam levers 351 acting as 
a cam member. A compression coil spring 348 is in- 
stalled between the intermediate sleeve 346 and the 
coupling sleeve 307, and always biases the cutter body 
302 and the control rod 336 upward. Simultaneously, the 
cutter body 302 and the control rod 336 are restricted in 
rotation therebetween by a set screw 349. 
[0195] Parallel two shafts 350 are traversed on the in- 
ner lower surface of the main body 306 forming the cou- 
pling sleeve 307 and the shank body 305, as shown in 
Figs. 48 and 50 in addition to Fig. 39. Each of cam levers 
351 is swingably installed to each of shafts 350. A cam 
follower plate 352 used in common with both cam levers 
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351 is disposed under the cam levers 351 so as to be 
engaged with the upper surface of the intermediate plate 
346. Cam guide grooves 354 are formed at a root portion 
of a shaft portion 353 of the cam follower plate 352, as 
shown in Figs. 51 and 52. The shaft portion 353 is en- 
gaged with a center hole 355 of the main body 306 and 
receives each cam lever 351 in each cam guide groove 
354 so as to be position each cam lever 351 in the axial 
direction with respect to the shaft 350. 
[0196] Parallel stopper surfaces 351a and 351b are 
formed at upper and lower surface of each cam lever 
351 , and these stopper surfaces 351 a and 351 b are al- 
ways in contact with an inner and lower surface of the 
main body 306 and the cam follower plate 352, so that 
the condition thereof is maintained by themselves. Ac- 
cordingly, the cam follower sleeve 345, the cam lever 
351 , the cam follower plate 352, the intermediate sleeve 
346 and the control rod 336 which are the plurality of 
elements- received in the shank body 305, constitute a 
cutter blade control means 358 for increasing a diameter 
of the cutter blades for undercut work at the cutter body 
302 according to the relative displacement in the axial 
direction between the cutter body 302 and the stopper 
sleeve 303 as mentioned later. 

[0197] Next, there will be explained the procedure in 
the case that a hole working is executed by using the 
drill bit 301 arranged hereinabove, with reference to 
Figs. 53 to 55. 

[0198] First, in the condition that the drill bit 301 is 
merely installed to a rotating section of a not-shown drill- 
ing machine and no load is not transmitted to the cutter 
body 302, the condition shown by a left half portion in 
Figs. 53 to 55 are maintained. That is, since the biasing 
force directing upward of the compression coil spring 
348 is applied to the intermediate sleeve 346 received 
in the shank body 305, the shaft portion 353 of the cam 
follower plate 352 is put in a so-called bottom pushing 
condition with respect to the center hole 355 of the main 
body 306 (refer to Fig. 48), and a pulling-up force is ap- 
plied from the control rod 336 and the cutter body 302 
steppedly connected with the control rod 336 at the 
shoulder portion to the shank body 305. As a result, the 
condition of the left half portion in Fig. 53 is maintained, 
and simultaneously the cutter blades 326 for undercut 
work is stayed in the housing position P1 . At this time, 
a small clearance C1 is ensured between the cam fol- 
lower plate 346 and an upper end surface of the inner 
cylinder portion of the coupling sleeve 307. 
[0199] When the hole working is started by rotating 
the drill bit 301 and pressing the tip end of the cutter 
body 302 to concrete structure W, the hole working is 
gradually proceeded by the cutter blade 325 for straight- 
hole working, and a straight hole H1 having a diameter 
of the maximum diameter of the cutter blade 325 is 
worked. At this time, since the cutter blades 326 for un- 
dercut working are put in the housing position P1 , they 
do not relate the working of the straight hole H1 directly 
and merely act as a guide for hole working direction. 



Since the dust collecting force by a not-shown dust col- 
lector is applied to the dust collecting passage 343 
through the hole of the dust collecting adapter 304 and 
the communication passages 322 and 323, chips gen- 

s erated by working the straight hole H1 are rapidly dis- 
charged to the dust collector through the dust collector 
port 333 provided at the top end portion of the cutter 
body 302. Further, since the dust collecting adapter 304 
is relatively rotatable with respect to the cutter body 302 

10 and smoothly allows the rotation of the cutter body 302 
rotated, the existence of the dust collecting adapter 304 
never prevents the hole working. 
[0200] Furthermore, the pressing force of the drill bit 
301 for hole working is transmitted from the main body 

15 306 forming the shank body 305 to the cutter body 302 
connected to the coupling sleeve 307 and the cylinder 
portion of the coupling sleeve 307 by means of the screw 
portions 312 and 313. Simultaneously, the reaction 
force from the hole bottom portion of the straight hole 

20 H1 is inputted from the shank body 305 to the drilling 
machine in the completely inverse route of the above 
mentioned route, and finally loaded to a builder. There- 
fore, the cutter body 302 and the control rod 336 are 
never relatively moved during the hole working of the 

25 straight hole H1. 

[0201] Then, when the depth of the straight hole H1 
reaches the predetermined depth, the stopper sleeve 
303 contacts with the upper surface of the concrete 
structure W. If the drill bit 301 is pressed continuously 

30 after the stopper sleeve 303 is contacted with the con- 
crete structure, the stopper sleeve 303 together with the 
dust collecting adapter 304 and the collar 31 9 upwardly 
moves with respect to the cutter body 302. The cam fol- 
lower sleeve 345 also moves upward according to the 

35 upward movement of the collar 31 9, and the cam follow- 
er sleeve 345 pushes up the end portion of each cam 
lever 351 in press contact with the cam follower sleeve 
345 and swings the cam levers 351. By swinging the 
cam levers 351 , the stopper surfaces 351 a and 351 b at 

40 the upper and lower surface of the cam levers 351 are 
gradually separated from the inner lower surface of the 
main body 306 and the cam follower sleeve 352. Ac- 
cording to a stroke by the cam profile, the control rod 
336 is pushed down with respect to the cutter body 302 

45 through the cam follower plate 352 and the intermediate 
sleeve 346. The relative movement stroke between the 
control rod 336 and the cutter body 302 is absorbed by 
the previously mentioned clearance C1 between the in- 
termediate sleeve 346 and the inner cylinder portion of 

so the coupling sleeve 307. 

[0202] By receiving the relative displacement be- 
tween the cutter body 302 and the control rod 336, each 
cutter blade 326 for undercut working is swung on the 
fulcrum top portion 327 due to the engagement between 

55 the rack portion 339 and the sector gear 326, and grad- 
ually projects from the housing position P1 to the en- 
larged position H1 as shown by the right half portion in 
Figs. 53 to 55. By this operation, the depth of the straight 
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hole H1 reached the predetermined depth is further in- 
creased, and a portion near the bottom hole portion of 
the straight hole H1 is increased in diameter by the cut- 
ter Wades 326 for undercut working and is formed into 
a taper shape. 5 
[0203] That is, it is considered that the left half por- 
tions of Figs. 53 to 55 show a condition that the stopper 
sleeve 303 is just in contact with the concrete structure 
W, and that the right half portions show a moment that 
the cutter blades 326 have completely projected to the 10 
enlarged position P2 and the undercut working has just 
finished. During the process that the straight hole H1 
reached the predetermined depth is further deeply holed 
by pressing the cutter body 302 by the stroke S1 , the 
near portion of the hole bottom portion is increased in is 
diameter into an undercut shape as a taper shaped un- 
dercut portion U, and the undercut hole H2 having the 
undercut portion U is formed. 

[0204] - In other words; the undercut working is execut- 
ed by absorbing the relative movement between the 20 
stopper sleeve 303 in contact with the concrete structure 
W and the cutter body 302 at the shank body 305 and 
by excessively pressing the control rod 336 by the 
amount of the cam profile (at most clearance C1 ) of each 
cam lever 351 as compared with the cutter body 302. 25 
[0205] In order to return the cutter blades 326 for un- 
dercut working from the enlarge position P2 to the hous- 
ing position P1 after the undercut working, the drill bit 
301 is slowly drawn up in the same time that the pressing 
force applied to the drill bit 301 is cancelled. Thereupon 30 
the control rod 336 is pushed up through the intermedi- 
ate sleeve 346 due to the biasing force of the compres- 
sion coil spring 348, and simultaneously the force is ap- 
plied to the direction that each cam lever 351 is returned 
to the initial position. Therefore, each cutter blade 326 35 
for undercut working is gradually returned to the housing 
position P1 , and further the stopper sleeve 303 and the 
dust collecting adapter 304 are relatively pushed down 
with respect to the cutter.body 302. As a result, it be- 
comes possible to smoothly remove the drill bit 301 from *o 
the undercut hole H2 worked. 

[0206] With the drill bit 301 of the present embodi- 
ment, the undercut portion U is autonomously worked 
by executing the working of the straight hole H1 as is 
similar to the usual drill holing operation, and by contin- 45 
uously applying the pressing force after the depth of the 
straight hole H1 becomes the predetermined depth. 
Therefore, the required undercut hole H2 is worked with 
a feeling completely the same as that of the usual drill 
holing operation and by one step without complex move- so 
ment of the drill bit 301. 

[0207] Figs. 56 to 59 show a modification of the drill 
bit 301 . As is clear from the comparison with Fig. 42, the 
connectional relationship between the small diameter 
shaft portion 337 of a part of the control rod 336 and 55 
cutter blades 384 is different from that of the previous 
embodiment. 

[0208] As shown in Figs. 56 to 59, a pair of right and 



left hooks 380 are projectedly formed at the lower end 
of the small diameter shaft portion 337 of the control rod 
336, and a flange portion 381 of a width across flat 
shape is integrally formed at the position upper than the 
hooks 380. A cylindrical surface of the flange portion 381 
is in contact with an inner periphery of the cutter body 
302. The control rod 336 is vertically movably guided 
with respect to the cutter body 302 through the flange 
portion 381 acting as a guide portion. A guide hole 382 
is formed at a lower end surface of the small diameter 
shaft portion 337 providing the hooks 380, and a boss 
portion 383, which projects from the a bottom wall of the 
blade receiving groove 328 (referto Fig. 44) in thecutter 
body 302 is slidably engaged with the guide hole 382 so 
as to perform the guiding effect mentioned above. 
[0209] On the other hand, a cutout groove 385 enga- 
gable with the hook 380 is formed at each cutter blade 
384 for undercut working which is received in the brake 
receiving groove 328, as shown in Fig. 59, and the cutter 
blades 384 for the undercut working are supported by 
engaging the cutout grooves 385 with the hooks 380. 
That is, as is clear from Fig. 56, by contacting the upper 
end of each cutter blade 384 for undercut working with 
the lower surface of the flange portion 381 , by connect- 
ing the hook 380 and the cutout grooves 385, and by 
connecting the fulcrum top portion 327 of the cutter body 
302 with a shoulder portion 386 (refer to Fig. 59) of the 
cutter blades 384 for undercut working, the cutter blades 
384 for undercut working are swingably supported on 
the fulcrum tope portion 327 acting as a swing center. 
As is clear from the same figure, a contact portion be- 
tween the flange portion 381 and the upper end of each 
cutter blade 384 for undercut working, a contact portion 
between the hook 380 and the cutout groove 385, and 
the fu Icrum top portion 327 and the shoulder portion 386 
are arranged into a curved-face contact. Therefore, the 
cutter blades 384 for undercut working are smoothly 
swung according to the displacement of the control rod 
336. . . 

[0210] Accordingly, in this modification, by pushing 
down the control rod 336 in the condition that the cutter 
blades 384 for undercut working is located at the hous- 
ing position P1 , each cutter blade 384 is swung on the 
fulcrum top portion 327 acting as a swing center and 
projects to the enlarged position P2 as shown in the right 
half portion of the same figure. Further, by raising up the 
control rod 336 with respect to the cutter body 302, the 
cutter blades 384 for undercut working are swung in the 
inverse direction to the above mentioned direction and 
are returned to the housing position P1 shown in the left 
half portion in the same figure. Therefore, this modifica- 
tion performs the function as same as that shown in Fig. 
42. 

[0211] Figs. 60 to 64 show a preferred second em- 
bodiment of the drill bit for undercut working according 
to the present invention, and correspond to the claims 
1 4 and 1 5. This embodiment is different from the drill bit 
301 of the previous embodiment in view that no dust col- 
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lecting adapter is provided since the forced dust collect- 
ing of the chips by means of the dust collecting machine 
shown in the previous embodiment is not executed and 
that instead of this, a cutter body having a spiral shaped 
groove is adopted so as to discharge the chips by the 
spiral feeding operation of the groove portion according 
to the rotation of the cutter body. Parts common to those 
of the first embodiment are denoted by the same refer- 
ence numerals. 

[0212] As shown in Fig. 60 and 61, the drill bit 401 is 
constituted by a cutter body 361 provided with a spiral 
groove portion positioned at an outer cylinder surface, 
a control rod 363 slidably installed in the cutter body 361 , 
a stopper sleeve 303 installed to the cutter body 361 so 
as to be relatively rotatable and relatively movable in the 
axial direction, and a shank body 305 which is constitut- 
ed by a body 360 and a coupling sleeve 367 and verti- 
cally movably supports the cutter body 361 . Except that 
the stopper sleeve 303 and the collar 364 are adjacently - 
disposed, the interrelationship of the shank body 305 to 
the collar 364, the cam follower sleeve 345, the cam fol- 
lower plate 365, the compression coil spring 366 and 
the cam lever 368 is basically the same as that of the 
drill bit of the first embodiment. Further, the interrelation- 
ship between the cutter blades 325 for straight hole 
working at the tip end of the cutter body 361 and the 
cutter blades 326 for undercut working, and the diame- 
ter increasing structure due to the engagement between 
the rack portion 339 at the tip end of the control rod 363 
and the sector gear 332 of the cutter blades 326 are ba- 
sically the same as that of the drill bit 301 of the first 
embodiment. 

[021 3] A spline 369 is formed at an inner periphery of 
the coupling sleeve 367 formed at the shank body 305, 
and a spline 371 is similarly formed at the flange portion 
370 integrally formed with the cutter body 361 . Since 
these splines 369 and 371 are engaged with each other, 
the relation movement between the shank body 305 and 
the cutter body 361 in the axial direction is allowed and 
the torque transmission between the shank body 305 
and the cutter body 361 is smoothly executed. A spring 
seat 372 is disposed on the flange portion 370, and a 
compression coil spring 366 is disposed between the 
spring seat 372 and the cam follower plate 365. 
[0214] A stopper 374 is screwed with a male screw 
portion 373 at the upper end of the control rod 363 so 
as to ensure a predetermined clearance C2 between the 
upper end surface of the cutter body 361 , and is com- 
pressingly tightened by the lock nut 375. Therefore, 
these stopper 374 and the lock nut 375 are engageable 
with a stepped center hole 376 of the main body 360. A 
cutout groove 377 is formed at an upper periphery of the 
cutter body 361 , and a cam lever 368 is connected to 
the cutout groove 377, so that the shank body 305 and 
the cutter body are locked with each other to substan- 
tially prevent the relative movement between the shank 
body 305 and the cutter body 361 . 
[0215] As is clear from the above explanation, the 



cam follower sleeve 345, the cam lever 368, the cam 
follower plate 365, the stopper 374 and the control rod 
363 of the plurality of elements received in the shank 
body 305 constitute a cutter blade control means 378 
5 for increasing a diameter of the cutter blades 326 for 
undercut working set at the tip end of the cutter body 
361 as mentioned later. 

[0216] The cutter body 361 and the control rod 363 
are allowed in the relative displacement by the clear- 
io ance C2 and are prevented in the relative rotation by 
means of the stop screw 378. 

[0217] Accordingly, with the drill bit 401 of the present 
embodiment, under the condition that the drill bit 401 is 
merely installed to a rotating part of a not-shown drill 
15 machine and no load is applied to the cutter body 361 , 
a condition of the left half portion shown in Figs. 62 to 
64 is maintained by itself. 

[0218] That is, since an upwardly directing biasing 
force of the compression coil spring 366 is applied to the 

20 cam follow plate 365 received in the shank body 305, 
the stopper surfaces 368a and 368b vertically parallel 
with each other of the cam lever 368 are in press contact 
with an inner and lower surface of the main body 360 
and the upper surface of the cam follower plate 365, re- 

25 spectively. Substantially, the cam lever 368 is connected 
to the cutout groove 377 of the upper end of the cam 
follower plate 365, and is sandwiched between the main 
body 360 and the cam follower plate 365. As a result, 
the relative movement between the shank body 305 and 

30 the cutter body 361 is prevented. With this, the condition 
of the left half portion of Figs. 62 to 64 are maintained, 
and simultaneously the cutter blades 326 for undercut 
working are supported in the housing position P1 . At this 
time, a small clearance C3 is ensured between the stop- 

35 per 374 and the upper end surface of the cutter body 
361. - 
[0219] When the holing operation is started by press- 
ing the tip end of the cutter body 361 to the concrete 
structure W at the same.time of rotating the drill bit 401 , 

40 the cutter blade 325 for straight hole working set at the 
tip end of the cutter body 361 gradually holes, and the 
straight hole H1 having the diameter equal to the max- 
imum diameter of the cutter blade 325 is worked. At this 
time, the rotation torque of the shank body 305 is trans- 

45 mitted to the cutter body 362 through the inner periphery 
of the coupling sleeve 367 through the spline engage- 
ment portions 369 and 371 , and simultaneously the 
chips generated by the working of the straight hole H1 
are discharged to an opening end of the straight hole 

so H1 during the working by the spiral operation of the 
groove portion 362. 

[0220] Further, the pressing force of the drill bit 401 
for hole working is transmitted from the main body 360 
forming the shank body 305 to the cam lever 368 and 
55 the cutter body connected with the cam lever 368 
through the cutout groove 377, and simultaneously the 
reaction force of the hole bottom portion of the straight 
hole H1 formed is inversely inputted from the shank 
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body 305 to the drilling machine and is finally received 
by the builder. Therefore, during the holing operation for 
the straight hole H1 , there causes no relative movement 
between the shank body 305 and the cutter body 361 
and no relative movement between the cutter body 361 
and the control rod 368. 

[0221] Then, when the depth of the straight hole H1 
formed becomes the predetermined depth, the stopper 
sleeve 303 is contacted with the upper surface of the 
concrete structure W. That is, it is considered that the 
condition at the moment that the stopper sleeve 303 is 
contacted with the concrete structure W corresponds 
the left half portion shown in Figs. 62 to 64, and that the 
condition that the undercut working is completed by fur- 
ther pressing the drill bit 401 after the contact to the con- 
crete structure W corresponds to the right half portion 
of the same figures. By continuously pressing the drill 
bit 401 even after being contacted with the concrete 
structure W, the stopper sleeve '303 together with the 
collar 364 is upwardly moved with respect to the cutter 
body 361 . According to the upward movement of the col- 
lar 364, the cam follower sleeve 345 is also upwardly 
moved, and the cam follower sleeve 303 pushes up the 
end portion of each cam lever 368 in press contact 
therewith and swings each cam lever 368. By the swing 
of the cam levers 368, the cam levers 368 are detached 
from the cutout grooves 377 of the cutter body 361 and 
are put in the unlocked condition. This enables the rel- 
ative movement between the shank body 305 and the 
cutter body 361 . 

[0222] Hereinafter, the cutter body 361 is merely ro- 
tated at the position keeping the predetermined depth 
of the straight hole H1, and the pressing stroke of the 
drill bit 401 is absorbed by the relative downward move- 
ment of the shank body 305 to the cutter body 361 and 
the stopper sleeve 303. Even if the shank body 305 is 
downwardly moved with respect to the cutter body 361 , 
the spline engagement portions 369 and 371 for the in- 
ner periphery of the coupling sleeve 367 and the flange 
portion 370 of the cutter body 361 are still engaged. 
Therefore, the torque transmission is smoothly execut- 
ed from the shank body 305 to the cutter body 361 . 
[0223] By downwardly moving the shank body 305 
with respect to the cutter body as mentioned above, the 
stopper 374 of the upper end of the cutter body 361 and 
the lock nut 375 are gradually pressed with respect to 
the center hole 376 of the main body 360, and these 
stopper 374 and lock nut 375 are soon put in the bottom 
pressing condition. Then, the pressing stroke of the drill 
bit 401 after the depth of the straight hole reaches the 
predetermined depth is absorbed by the relative move- 
ment between the cutter body 361 and the shank body 
305, and the main body 360 directly presses down the 
control rod 363 by the clearance C2 for seating the stop- 
per 374 and the lock nut 375 with respect to the center 
hole 376. 

[0224] By receiving the relative displacement be- 
tween the cutter body 361 and the control rod 363, each 
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cutter blade 326 for undercut working is swung on the 
fulcrum top portion 327 acting as a rotation center due 
to the engagement between the rack portion 339 and 
the sector gear 332, and gradually projects from the 

5 housing position P1 to the enlarging position P2. With 
this, the near portion of the hole bottom portion of the 
straight hole H1 reached the predetermined depth is en- 
larged into a taper shape by means of the cutter blades 
326 for undercut working and is formed into the undercut 

10 portion U. The pressing down of the control rod 363 with 
respect to the cutter body 361 is completed at the time 
that the stopper 374 is contacted with the upper end sur- 
face of the cutter body 361 as shown by the right half 
portion in Fig. 62. 

is [0225] Herein, the reason for executing the undercut 
working while staying the cutter body 361 at the position 
of the predetermined depth if the depth of the straight 
hole H1 reaches the predetermined depth is that in the 
case that the undercut working is executed together with 

20 the working of the straight hole H as is similar to the 
operation of the drill bit 301 of the first embodiment, the 
chips cut out by the cutter blade 325 for straight hole 
working are jammed between the cutter blades 326 for 
the undercut working operating for the undercut working 

25 since no dust collecting by a dust collecting making is 
executed, and there is a possibility that the cutter blades 
326 cannot be returned to the housing position P1 again 
after the undercut working. 

[0226] In order to return the cutter blades 326 for the 

30 undercut working from the enlarged position P2 to the 
housing position P1 after the undercut working, by slow- 
ly drawing up the drill bit 401 while canceling the press- 
ing force applied to the drill bit 401 , the control rod 363 
is drawn up by the clearance C2 with respect to the cut- 

35 ter body 361 due to the biasing force of the compression 
coil spring 366, and each cutter blade 326 for the under- 
cut working is gradually returned to the housing position 
P1 . Simultaneously, the force of the compression coil 
spring 366 is.applied in the direction for returning each 

40 cam lever 368 to the initial position. Therefore, the cam 
levers 368 and the cam follower sleeve 345 are returned 
to the initial position and the shank body 305 and the 
cutter body 345 are returned to the condition of the left 
half portion in Figs. 62 by the relative movement there- 

45 between. With this condition, it becomes possible to 
smoothly remove the drill bit 401 from the undercut hole 
H2 worked. 

[0227] With the drill bit 401 of the present embodi- 
ment, it is of course certain that the necessary undercut 

50 hole H2 can be worked by one step without executing 
the complex motion of the drill bit 401, with the feeling 
as same as that in the normal drill holing operation as 
is similar to the drill bit 301 of the first embodiment. Fur- 
ther, it is arranged such that the undercut working is ex- 

55 ecuted by the cutter blades 326 for the undercut working 
while keeping the cutter body 361 at the predetermined 
depth position if once the depth of the straight hole H1 
reaches the predetermined depth. Therefore, even if the 
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forcible dust collecting by the dust collecting machine is 
not employed, the undercut working can be accurately 
executed at the portion near the hole bottom portion of 
the straight hole. 



Claims 

1 . A fastener of a post-installation anchor type com- 
prising a sleeve having an expansion portion and a 
plug having a taper portion for expanding the ex- 
pansion portion by being installed in the sleeve, the 
fastener being characterized 



plug are previously engaged by the convexocon- 
cave engagement so as to prevent the detachment 
therebetween under a non-expanded condition of 
the expansion portion, and by hammering the an- 
chor main body portion by the relative movement 
stroke under the condition that the sleeve is seated 
to the prepared hole, the large diameter portion of 
the anchor main body portion is press-fitted to the 
prepared hole, the expansion portion of the sleeve 
is expanded, and the inner periphery of the expan- 
sion portion is engaged with the outer periphery by 
theconvexoconcave engagement under the expan- 
sion condition of the expansion portion. 



5 



10 



in that the sleeve and the plug are engaged with is 
each other by convexoconcave engagement so 
as to prevent a mutual detachment between the 
sleeve and the plug under the non-expanded 
condition of the expansion portion, and - 
in that an inner peripheral surface of the expan- 20 
sion portion and an outer peripheral surface of 
the plug are again engaged by the convexocon- 
cave engagement when the expansion portion 
is expanded by a predetermined quantity by 
hammering the sleeve or the plug. 25 

2. The fastener as claimed in claim 1 being character- 
ized in that the fastener is of an inner cone hammer- 
ing type in which the plug having a length shorter 
than that of the sleeve is previously inserted within 30 
a range of the length of the sleeve, a flange portion 
press-fitted into a prepared hole of an opposite 
member is formed at an outer periphery of an end 
portion opposite to the expansion portion in the 
sleeve, and the plug is hammered by utilizing a fric- 35 
tion force between the flange portion and an inner 
peripheral surface of the prepared hole. 

3. The fastener as claimed in claim 2 being character- 
ized in that a circumferential groove is formed at an <*o 
inner periphery of the flange portion from an end 
surface of the sleeve. 

4. A fastener of a post-installation anchor type com- 
prising a sleeve having an expansion portion and *s 
an anchor main body portion having a taper portion 

for expanding the expansion portion by being in- 
stalled in the sleeve, the fastener being character- 
ized 

in that the anchor main body portion is formed 50 
into a stepped-shaft shape member by the plug hav- 
ing a taper portion and a large diameter portion 
greater in diameter than that of the plug, the plug 
having an outer diameter generally the sameas that 
of the sleeve has a predetermined relative move- 55 
ment stroke to a step portion of the anchor main 
body portion and an inner periphery of the expan- 
sion portion and an outer peripheral portion of the 



5. A fastener of a post-installation anchor type com- 
prising a sleeve having an expansion portion and 
an anchor main body portion having a taper portion 
for expanding the expansion portion by being in- 
stalled in the sleeve; the fastener being character- 
ized in that 

the anchor main body portion is formed into a 
stepped-shaft shape member by the plug hav- 
ing a taper portion and a large diameter portion 
greater in diameter than that of the plug, 
the plug having an outer diameter generally the 
same as that of the sleeve has a predetermined 
relative movement stroke to a step portion of 
the anchor main body portion, and an inner pe- 
riphery of the expansion portion and an outer 
peripheral portion of the plug are previously en- 
gaged by the convexoconcave engagement so 
as to prevent the detachment therebetween un- 
der a non-expanded condition of the expansion 
portion, 

the inner peripheral surface of the expansion 
portion and the outer peripheral surface of the 
plug are engaged by the convexoconcave en- 
gagement, and the engagement generates a 
connection feeling when the previous convex- 
oconcave engagement is disengaged accord- 
ing to the hammering of the anchor main body 
portion by the relative movement stroke and 
when the expansion portion is expanded by a 
predetermined quantity after the sleeve is in- 
serted to the prepared hole. 

6. The fastener as claimed in one of claims 2 to 5 being 
characterized in that the prepared hole is of an un- 
dercut type in which a portion near a hole bottom 
portion of the prepared hole is enlarged in diameter 
into a taper shape. 

7. The fastener as claimed in one of claims 4to 6 being 
characterized in that one of a female screw portion 
and a male screw portion is formed at the large di- 
ameter portion of the anchor main body portion. 
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8. The fastener as claimed in one of claims 5 and 6 
being characterized in that a deformed reinforcing 
bar for reinforced concrete is integrally formed with 
the large diameter portion of the anchor main body 
portion in the form of extending therefrom, and a 
male screw portion is formed at an intermediate por- 
tion between the large diameter portion and the de- 
formed reinforcing bar, and a lock nut is previously 
tightened to the male screw portion. 

9. A resin fastener comprising a sleeve having an ex- 
pansion portion and a plug having a taper portion 
for expanding the expansion portion by being in- 
stalled in the sleeve, the fastener being character- 
ized in that 

the sleeve and the plug are engaged with each 
other by convexoconcave engagement so as to 
prevent a mutual' detachment between the 
sleeve and the plug under the non-expanded 
condition of the expansion portion, and 
the inner peripheral surface of the expansion 
portion and the outer peripheral surface of the 
plug are engaged by the convexoconcave en- 
gagement and the engagement generates a 
connection feeling when the previous convex- 
oconcave engagement is disengaged accord- 
ing to the hammering of the plug by the relative 
movement stroke and the expansion portion is 
expanded by a predetermined quantity afterthe 
sleeve is inserted to the prepared hole. 

10. A jig for hammering a sleeve or a plug in an instal- 
lation of a fastener of a post installation type which 
is constituted by the sleeve having an expansion 
portion and the plug having- a taper portion for ex- 
panding the expansion portion by being installed in 
the sleeve, the hammering jig for fastener installa- 
tion being characterized in that 

the hammering jig comprises a rod constituted 
by integrally forming a punch portion inserted 
into a hole of an opposite and a shank portion 
in a longitudinal direction, and an adjustable 
adapter installed so as to be slidable to the rod 
in an axial direction by a predetermined quan- 
tity, 

a deformed flange portion is integrally formed 
at a longitudinally center portion of the fastener 
installation, 

two engagement grooves, which are engagea- 
ble with the deformed flange portion and have 
different in depth with each other, are formed 
inside of the adjust adapter with 90° offset in 
phase, and 

a projecting length of the punch portion from the 
adjuster adapter is selectable from two stages 
by selectively switching an engaged groove to 



be engaged with the deformed flange portion. 

1 1 . A drill bit which is installed at a rotating portion of a 
drilling machine and finishes an undercut type hole 

s by enlarging a portion near a hole bottom portion 
into a taper shape when a straight hole is drilled to 
a structure of a drill object by a rotating motion of 
the drill bit and when a depth of the drilled hole 
reaches a predetermined depth, the drill bit for 

io working an undercut hole being characterized to 
comprise 

a cutter body providing at least a cutter blade 
for straight hole working at its tip end, 

15 a cutter blade for undercut working that is in- 

stalled at a tip end portion of the cutter body so 
as to be swingable and projectable in the dia- 
metrical direction and that enlarges a portion 
near a hole bottom portion of a straight hole into 

20 a taper shape by projecting into the diametrical 

direction through swinging motion, 
a stopper sleeve that is installed to the cutter 
body so as to be relatively rotatable and rela- 
tively movable in the axial direction and that is 

25 contacted with a structure when a drilled depth 

of a straight hole to the structure becomes a 
predetermined depth, 

a shank body supporting the cutter body so as 
not to be relatively rotatable, and 

30 a cutter blade control means for projecting the 

cutter blade for undercut working into an en- 
larged direction of the cutter body according to 
a relative displacement in the axial direction be- 
tween the cutter body and the stopper sleeve 

35 when the stopper sleeve is further pressed after 

the stopper sleeve is contacted with the struc- 
ture. 

12. The drill bit for undercut hole working as claimed in 
40 claim 11 being characterized in that 

the cutter blade control means is constituted 

by 

a sector gear formed at an end portion position 
45 of the cutter blade for undercut working which 

portion is always positioned in the cutter body, 
a control rod slidably installed in the cutter body, 
a rack portion engaged with the sector gear be- 
ing formed at a tip end portion of the control rod, 
so and 

a cam member that is received in the shank 
body and directly transmits a drilling press force 
applied to the shank body to the cutter body 
when drilling the straight hole, the cam member 
55 pressingly controlling the control rod excessive 

to the cutter body by a predetermined quantity 
by transmitting the drilling press force to the 
cutter body, by absorbing the relative displace- 
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ment between the cutter body and the stopper 
sleeve, and by being swingably displaced after 
the stopper sleeve is contacted with the struc- 
ture. 

5 

13. The drill bit for undercut hole working as claimed in 
claim 12 being characterized in that a dust collect- 
ing port for collecting chips is openingly formed at 
the tip end portion of the cutter body and is commu- 
nicated with a dust collecting passage separately 10 
formed between the cutter body and the control rod, 

and further in that the dust collecting passage 
together with the stopper sleeve is connected to a 
dust collecting machine through a dust collecting 
adapter installed to the cutter body so as to be rel- '5 
atively rotatable. 

14. The drill bit for undercut hole working as claimed in 
claim 11 being-characterized in that 

the cutter blade control means is constituted 20 

by 

a sector gear formed at an end portion position 
of the cutter blade for undercut working which 
portion is always positioned in the cutter body, 25 
acontrolrod slidably installed in the cutter body, 
a rack portion engaged with the sector gear be- 
ing formed at a tip end portion of the control rod, 
a cam member that is received in the shank 
body and directly transmits a drilling press force 30 
applied to the shank body to the cutter body 
when drilling the straight hole, the cam member 
allowing the shank body to directly pressingly 
controlling the control rod by a predetermined 
quantity by transmitting the drilling press force 35 
to the cutter body, by absorbing the relative dis- 
placement between the cutter body and the 
stopper sleeve, and by being swingably dis- 
placed after the stopper sleeve is contacted 
with the structure. *o 

15. The drill bit for undercut hole working as claimed in 
claim 1 4 being characterized in that the cutter body 
is provided at its cylindrical outer peripheral surface 
with a spiral groove portion. 4 $ 



50 



55 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



EP 1 116 831 A1 



Fig.1 




Patent provided by Sughrue Miop, PLLC - http://www.sughrue.com 



EP1 116 831 A1 





Patent provided by Sughrue Mipo, PLLC - http:7Awvw.sughme.com 



EP1 116 831 A1 





Patent provided by Sughrue Mioa PLLC - http://www.sughrue.com 



EP 1 116 831 A1 




I 



7 



v5 4 ? \ 



CO 



LO 



1. 



Patent provided by Sughaie Migg, PLLC - http^/\AAww.sughrue.com 



EP 1 116 831 A1 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fiq.9 




Patent provided by Sughrue Mipn, PLLC - http:/Awww.sughnje.com 



EP1 116 831 A1 



Fig .11 

l 




Patent provided by Sughrue MioD, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig .12 




Patent provided by Sughrue MioD, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig .1 3 

(A) 




Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Miop, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig.15 



52 




Patent provided by Sughrue Miop, PLLC - http://www. sughrue.com 



EP1 116 831 A1 



Fig .16 

52 




Patent provided by Sughrue Mipo, PLLC - http:/A«ww.sughrue.com 



EP 1 116 831 A1 



Fig.17 




V 7 



Patent provided by Sughrue MioD, PLLC - http://w\Aw.sughrue.com 



EP1 116 831 A1 



Fig .18 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 19 



f — ^ 


y 1 










I 


- 







203 




Patent provided by Sughrue MiQD, PLLC - http://www.sughrue.com 



EP 1 116 831 A1 




Patent provided by Sughrue Mion, PLLC - http^/www.sughrue. 



EP1 116 831 A1 



Fig. 21 



| 




!, PLLC - http:7Awww.sughrue.com 



EP 1 116 831 A1 



Fig. 22 




Fig. 23 




Fig. 2U 




Patent provided by Sughrue Mio^j, PLLC - http*7Awww.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 26 




Patent provided by Sughrue MioQ, PLLC - http://www. sughrue.com 



EP 1 116 831 A1 



Fig. 27 




Patent provided by Sughrue Mioo, PLLC - http:/Awww.sughrue. 



EP1 116 831 A1 



Fig. 28 




Patent provided by Sughrue Mioa, PLLC - http://www.sughme.com 



EP 1 116 831 A1 



Fig. 29 



Fig. 31 




76(76a) 



Fig. 30 



Patent provided by Sughrue MioD, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 32 




Patent provided by Sughrue Miog, PLLC - http://www.sughrue.com 



EP 1 116 831 A1 



Fig. 33 

80 




Patent provided by Sughrue Mrpo, PLLC - http://www.sughnje.com 



EP1 116 831 A1 




Patent provided by Sughrue Mipo, PLLC - http://www.sughrue.com 



EP 1 116 831 A1 



Fig. 36 




Patent provided by Sughrue Mipg, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mipn, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mipn, PLLC 



- http://www.sughrue.com 



EP1 116 831 A1 



Fig .39 




Patent provided by Sughrue Mipp, PLLC - http:7Awww.sughrue.com 



EP1 116 831 A1 



Fig. 40 




Patent provided by Sughrue Mipo, PLLC - http://www.sughaie.com 



EP1 116 831 A1 



ig.41 



i 




318 318 



Patent provided by Sughrue MipQ, PLLC - http:/AAAww.sughrue.com 



EP 1 116 831 A1 




Patent provided by Sughrue MipQ, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




EP 1 116 831 A1 




Fig. £6 



332 
329 



326 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.corn 



EP1 116 831 A1 



Fig. 47 



332 



329 













■ 


N 




331 



-326 



•330 



Patent provided by Sughrue Mipn, PLLC - http://www.sughrue.cx5m 



EP 1 116 831 A1 



g.A8 




Patent provided by Sughrue MipD, PLLC - http:7Avww.sughrue.com 



EP 1 116 831 A1 



Fig. 49 




Patent provided by Sughrue Mipo, PLLC - http://www.sughrue.com 



EP 1 116 831 A1 



Fig. 51 





Patent provided by Sughrue Mipn, PLLC - httpV/www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mioo. PLLC - http://www.sugrirue.com 



EP1 116 831 A1 





Patent provided by Sughrue Mipo, PLLC - http://www.sughme.com 



EP1 116 831 A1 




Patent provided by Sughrue MiflQ, PLLC - http://www.sughrue.com 



EP1 116 831 A1 





Patent provided by Sughrue Mipo, PLLC - httpJAwww.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.com 



EP1 116 831 A1 




Patent provided by Sughrue Miao, PLLC - http7Awww.sughrue.com 



EP1 116 831 A1 



Fig. 62 




Patent provided by Sughrue Minn, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 63 | 

i 




Patent provided by Sughrue Mioo, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 65 




Patent provided by Sughrue Mtoq, PLLC - http://www.sughrue.com 



EP1 116 831 A1 



Fig. 66 




Patent provided by Sughrue Mion, PLLC - http://www.sughme.com 



EP 1 116 831 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/04643 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 E04B 1/41, B23B 41/06, B28D 1/14 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 E04B 1/41, B23B 41/06, B28D 1/14 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shi nan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP, 3-74624, A (Hilti AG), 
29 March, 1991 (29.03.91), 
(Family: none) 


1-9 


A 


JP, 4-228909, A (Artur Fischer GmbH), 
18 August, 1992 (IB. 08. 92), 
(Family: none) 


1-9 


A 


JP, 5-79018, Ul (Kouyou Kizai K.K.), 
26 October, 1993 (26.10.93), 
(Family: none) 


10-15 


A 


JP, 7-158626, A (Sanki Kogyo K.K. ) , 
20 June, 1995 (20.06.95), 
(Family: none) 


10-15 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



t which U not 



* Special categories of cited documents: 
"A" document defining the general state of the a 

considered to be of particular relevance 
"IT earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure* use, exhibition or other 



"P* document published prior u> the intcrrunona! filing date but later 



T* later document published after the international filing date or 
priority date and not in conflict with the application bm ched to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
Step when the document is taken alone 

"Y* document of parocu tar relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

'&." document member of (he same patent family 



Date of the actual completion of the international search 
04 October, 2000 (04.10.00) 


Date of mailing of the International search report 
17 October, 2000 (17.10.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



Patent provided by Sughrue Ming, PLLC - http:/Ajvww.sughme.com 



